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FOREWORD . 


Safety,  relative  to  explosives,  is  chiefly  dependent 
upon  the  degree  of  diligence  exerc*^ed  by  those  to  whoa 
their  handling  has  been  entrusted. 

Many  who  have  been  closely  associated  with  explosives 
are  of  the  opinion  that  the  conditions  of  storage  largely 
determine  the  safety  and  efficiency  that  may  be  expected 
when  explosive  materials  are  used.  Fires,  explosions, 
emission  of  toxic  gases,  vapors,  dusts,  radiation,  etcetera 
may  result  when  the  physical  and  chemical  properties  of 
stored  materials  are  neglected.  It  is  of  prime  importance 
for  the  safety  of  personnel  and  the  protection  of  property 
that  personnel  engaged  in  explosive  operations  be  cognizant 
of  these  properties  and  the  hazards  that  may  result  from 
careless  operations.  It  is  of  equal  Importance  that  all 
applicable  Ordnance  Regulations,  Base  Regulations  and  the 
recommendations  of  manufacturers  be  strictly  complied  with 
when  explosive  materials  are  assembled,  transported, 
stored,  destroyed  or  handled  for  any  other  purpose. 

This  MANUAL  is  not  to  be  considered  as  a  complete  text 
in  the  field  of  explosives,  ammunition  and  solid  propellants, 
but  rather  an  initial  effort  to  combine  some  of  this  inform¬ 
ation  into  one  volume.  To  this  end,  the  suggestions  and 
constructive  criticisms  of  its  readers  will  be  welcomed 
and  appreciated. 

Acknowledgment  is  given  to  the  many  experts  who  have 
published  their  works  in  various  government  documents,  books, 
etcetera;  to  those  who  contributed  to  the  compilation,  criti¬ 
cism  and  editing  of  this  MANUAL;  and  to  personnel  of  the  Mis¬ 
sile  Propellants  Section,  Cape  Canaveral  Missile  Test  Annex  of 
Pan  American  World  Airways,  Guided  Missiles  Range  Division, 
for  their  cooperation  and  assistance  in  the  publication  of 
this  MANUAL. 
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PURPOSE 


The  purpose  of  ttbie-KAXUAL  is  to  provide  a  single 
source  of  general  and  technical  information  on  explosives, 
ammunition  and  solid  propellants.  This  MhHUAL,  which  may 
be  utilized  as  a  reference  or  as  an  aid  to  instruction, 
presents  a  general  description  of  the  various  it ess  that 
contain  explosive  saterials.  Most  of  the  items  described 
are  incorporated  into  the  missile  weapons  sy stasis  prior  to 
nlssile  launching.  The  items  described  are  hazardous  to 
personnel  when  mishandled  or  improperly  stored.  There¬ 
fore,  the  general  information  presented  indicates  the 
safety  measures  necessary  to  receive,  handle,  store  and 
transport  explosives,  ammunition  and  related  accessories. 
These  safety  measures  are  not  all  inclusive,  nor  are  they 
detailed,  but  when  consolidated  with  local  ground  safety 
rules  and  common  sense,  will  provide  a  Beans  for  obtaining 
safer  operations  with  less  hazard  to  personnel. 

This  MANUAL  includes  Information  abstracted  from 
several  sources  and,  therefore,  is  not  to  be  considered  as 
authoritative.  However,  the  information  does  offer  in  a 
single  source  the  description  of  explosive  items  used  in 
the  make-up  of  the  majority  of  research  and  development 
missiles. 

Most  of  the  items  described  herein  will  possess  the 
basic  components  listed  but  will  be  modified  slightly  to 
psrform  a  prescribed  function  required  in  a  particular 

missile. 

The  use  of  proprietary  data  and  security  informa¬ 
tion  has  been  avoided.  The  use  of  this  type  data  would 
necessarily  classify  this  UAJfUAL  and  probably  limit  tbs 
distribution  of  the  information. 


I& 


■J 


INTRODUCTION 


Introduction  to 

EXPLOSIVES,  AMMUNITION  AND 
SOLID  PROPELLANTS  MANUAL 
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The  general  descriptions  of  the  explosives,  ammunition 
and  solid  propellants  in  this  MANUAL  are  written  in  a  manner 
that  does  not  conflict  with  military  security  regulations  or 
encroach  upon  the  proprietary  rights  of  the  missile  contract¬ 
ors.  However,  this  information  is  intended  to  present  an 
overall  description  of  the  individual  components  received, 
stored  and  handled  at  the  Pan  American  Solid  Propellants 
Area  at  CCMTA.  Continuity  of  text  is  partially  lost  as  a 
result  of  describing  the  individual  items. 

A  complete  description  of  several  explosive-ordnance 
items  was  not  possible  because  of  the  meager  data  received 
from  the  manufacturer  or  fabricator.  The  lack  of  complete 
information  preceding  or  accompanying  new  items  has  been  a 
source  of  difficulty  and  concern  to  the  personnel  of  the 
PAA  Solid  Propellants  Unit.  To  assure  greater  personnel 
sifety  and  operating  efficiency  in  the  Solid  Propellants 
Area,  complete  and  factual  data  pertaining  to  new  explosive- 
ordnance  devices  must  be  transmitted  to  the  supervision 
of  this  unit  by  the  manufacturer  in  advance  of  the  actual 
material  shipment.  Data  that  should  be  transmitted  and 
which  is  necessary  for  safe  operations  should  include 
classification,  physical  md  chemical  properties,  degree 
and  type  of  hazards  and  any  special  instructions  concerning 
the  handling  and  storage  of  specific  items.  This  data  will 
permit  the  operating  personnel  to  become  fully  oriented  in 
the  methods  of  receiving,  handling  and  storing  new  hazard¬ 
ous  materials. 


TECHNICAL  INFORMATION 


The  Technical  Information  includes  definitions,  a 
table  of  high  explosive  compositions,  tables  of  initiating 
and  non-initiating  high  explosives,  equations  of  solid  pro¬ 
pellant  rocket  design  and  a  table  of  typical  solid  propellant 
compositions.  Also  included  is  a  table  of  the  elements  and 
their  atomic  weights  and  numbers.  Tables  of  conversion 
factors  and  weights  of  materials  complete  the  Technical 
Information. 


SECTION  1  -  GENERAL  INFORMATION 


The  General  Information  Section  is  divided  into  seven 
(7)  subsections.  These  subsections  are  concerned  with 
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classification,  safety,  protective  clothing  and  equipment, 
packing  and  marking,  transportation,  storage,  handling  and 
destruction  of  explosives  and  ammunition. 

Explosives  and  ammunition  are  classified  according  to 
type,  chemical  composition,  function,  storage  and  storage 
compatibility.  They  are  also  classified  in  accordance 
with  shipping  regulations,  explosive  and  fire  hazards  and 
with  the  Department  of  Defense  Security  regulations. 

Personnel  safety,  fire  protection,  care  and  precautions 
for  handling  explosives  and  ammunition  are  discussed.  The 
general  safety  precautions  presented  in  this  MANUAL  when 
combined  with  the  local  rules  and  regulations  for  safety 
can  result  in  accident-free  operations. 

Methods  for  personnel  protection  against  the  hazards 
associated  with  explosives  and  ammunition  are  presented 
under  the  subsection  entitled  "Protective  Clothing  and 
Equipment."  The  personnel  protective  clothing  and  equipment 
consists  of  flameproof  coveralls  for  the  body,  hard  hats  for 
the  head,  face  shields  for  the  face,  goggles  for  the  eyes, 
sound  suppressors  for  the  ears  and  conductive-sole  shoes  for 
the  feet.  Other  protective  equipment  includes  self-contained 
oxygen  respirators,  static  electricity  grounding-garters  and 
a  conductive  shoe  tester. 

Rules  and  regulations  regarding  the  transportation  of 
explosives  and  ammunition  by  railroad,  ship,  aircraft  and 
commercial  and  military  trucks  are  presented. 

Storage  of  Explosives  and  Ammunition  presents  a 
discussion  of  the  Igloo-type  magazines,  fire  symbols,  in¬ 
spection  procedures  and  safety  precautions  necessary  for 
storage. 

The  General  Information  Section  concludes  with  the 
methods  for  the  destruction  of  explosives  and  ammunition. 
Destruction  is  accomplished  by  burning,  detonating  or 
dumping  at  sea. 


SECTION  2  -  EXPLOSIVES  AND  AMMUNITION 


The  Section  on  Explosives  and  Ammunition  presents 
discussions  of  explosive  trains,  low  explosives,  solid 
propellants,  pyrotechnics,  high  explosives,  igniters, 
explosive-ordnance  items,  rocket  motors  and  rocket 
accessories. 

Various  types  of  explosive  trains  are  described  and 
illustrated  in  this  Section. 
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The  discussion  of  low  explosives  describes  black  powder 
and  squib  compositions. 

Solid  Propellants  are  divided  into  single-base,  double¬ 
base  and  composite  propellants.  Their  uses,  forms,  burning 
actions  and  various  compositions  are  presented. 

The  discussion  of  Pyrotechnic  Compositions  includes  the 
compositions  of  pyrotechnic  materials,  their  characteristics 
and  uses. 

The  types  and  characteristics  of  High  Explosives  are 
presented  for  those  explosives  that  are  currently  in 
military  and  commercial  use. 

The  importance  of  the  igniters  to  solid  propellant 
rockets  has  prompted  the  writers  to  discuss  the  igniters 
separately  from  explosive-ordnance  devices. 

The  Explosive  Devices  and  Ordnance  Items  include  a 
general  description  of  the  primers,  squibs,  detonators, 
boosters,  explosive  bolts,  cartridges  and  valves,  initia¬ 
tors,  gas  generators,  explosive  motors,  destructors,  safe 
and  arming  mechanisms,  SOFAR  bombs,  staging  and  retro- 
rockets  and  non-explosive  items  that  are  used  m  fabricat¬ 
ing  a  missile  weapons  system.  Also,  a  brief  paragraph  of 
the  hazards  involved  in  handling  explosive  devices  is 
presented. 

Rockets  and  Rocket  Motors  presents  a  discussion  of  the 
component  parts  of  the  rockets  and  rocket  motors. 

The  hooks,  rings,  head  plates,  etcetera,  used  to 
complete  the  fabrication  of  a  rocket  are  listed  in  Rocket 
Accessories. 


BIBLIOGRAPHY 


Most  of  the  information  discussed  in  the  MANUAL  was 
extracted  from  the  Air  Force,  Army  and  Navy  publications 
listed  in  the  Bibliography.  Other  information  was  taken 
from  books  written  by  authorities  active  in  the  rocket 
and  missile  industry. 
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DEFINITIONS 


Ammunition 


All  the  explosives  and  components  in  any  case  or  con¬ 
trivance  prepared  to  form  a  charge,  complete  round 
or  cartridge  for  cannon,  howitzer,  mortar  or  small- 
arms  or  for  any  other  weapon,  torpedo  warhead,  mine, 
bomb,  depth  charge,  demolition  charge,  fuze,  detonator, 
projectile,  grenade,  guided  missile,  rocket,  etcetera. 
The  term  also  includes  all  signaling  and  illuminating 
pyrotechnic  materials  and  all  chemical  warfare  mate¬ 
rials. 


Ballistic 

Of  or  pertaining  to  ballistics  (the  art  and  science 
pertaining  to  the  projection  of  missiles). 

Ballistics,  Exterior 

Pertains  to  the  laws  governing  the  motion  of  projec¬ 
tiles  and  missiles  in  flight. 

Ballistics,  Interior 

Concerned  with  the  propulsion  and  launching  of  projec¬ 
tiles  and  missiles. 


Barricade 


(a)  Natural 

A  natural  barricade  includes  the  natural 
features  of  the  ground,  such  as  hills  and 
timber. 

(b)  Artificial 

An  artificial  barricade  is  a  mound  or  revet¬ 
ted  wall  of  earth  at  least  three  (3)  feet 
thick. 

Blasting  Cap 

A  small  copper  tube  closed  at  one  end  and  partially 
filled  with  fulminate  of  mercury  or  other  detonating 
substances.  They  are  used  as  primers  to  explode 
dynamite  and  other  explosives.  Blasting  caps  may  be 
initiated  electrically  or  mechanically. 
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Bomb 

A  receptacle,  of  any  shape  or  size,  containing  an 
explosive  material  which  is  fired  by  concussion  or 
by  a  time  fuse. 

Bolster 


(a)  In  a  Missile  Launching  System 

A  vernacular  term  applied  to  an  auxiliary  propulsion 
system  (booster  motor,  booster  engine,  booster  rocket, 
booster  rocket  power  plant  or  booster  power  plant) 
containing  one  or  more  attached  or  integrated  (first 
stage)  units  that  travels  with  the  missile  and  which 
may  or  may  not  separate  from  the  missile  when  its 
impulse  has  been  delivered.  The  propulsion  source 
may  be  either  solid  or  liquid  propellants. 

(b)  In  Warheads 

A  high- explosive  element  sufficiently  sensitive  to 
be  actuated  by  small- explosive  elements  in  a  fuze 
and  powerful  enough  to  cause  detonation  of  the  main 
explosive  charge. 


Brisance 


The  shattering  power  of  explosives.  It  is  a  measure 
of  the  work  that  an  explosive  will  accomplish  and  is 
usually  dependent  upon  and  indicated  by  the  velocity 
of  the  explosive  reaction. 

Bursting  Charge 

Explosives  characterized  by  being  relatively  insen¬ 
sitive  and  having  high  brisance  or  shattering  power. 
Examples  are  TNT,  picric  acid  and  ammonium  picrate. 


Casting 

Forming  a  plastic  or  liquid  substance  into  a  par¬ 
ticular  shape  by  pouring  it  into  a  mold  and  allowing 
it  to  cure.  Cast-propellant  grains  are  produced 
from  single-base  and  double-base  casting  powders. 
Cast-composite  propellants  for  JATOS  and  boosters 
are  cast  with  a  binder  that  frequently  serves  as  fuel 
or  oxidizing  material.  Composite  propellants  do  not 
contain  nitrocellulose  or  nitroglycerin. 

Catalyst 


A  material  that  changes  the  rate  of  reaction  without 
undergoing  a  final  change. 
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Colloidal  State 


Refers  to  that  state  of  a  substance  in  which  its  par¬ 
ticles  are  very  fine,  ranging  from  approximately  0.2 
to  0.005  micron. 

Component 

A  group  of  parts  united  to  perform  a  certain  function. 
A  component  is  not  self-sufficient  but  depends  upon 
other  components  to  accomplish  a  given  task. 

Composite 

Made  up  of  various  parts.  A  composite  propellant , 
often  called  heterogeneous,  is  composed  of  an  oxi- 
dizing  agent  and  reducing  agent  that  occur  in  two 
(2)  distinct  phases.  For  example,  It  may  merely  be 
a  mechanical  mixture  of  finely  powdered  materials  with 
a  binding  agent.  Gunpowder  is  a  composite  propellant 
wherein  potassium  nitrate  is  the  oxidizing  agent,  car¬ 
bon  is  the  reducing  agent  and  sulfur  is  a  combination 
of  binder  and  reducing  agent. 

Corbetta  Type  Magazine 

An  earth-covered,  reinforced  concrete  magazine 
(bee-hive,  arch-shape  dome  or  box  type)  used  for 
storing  explosives,  ammunition  and  solid  propel¬ 
lants. 

Curing  Accelerators 

Substances  that  hasten  the  drying  reaction  in  the 
process  of  manufacturing  solid  propellants.  Ex¬ 
amples  of  these  substances  include  sulfur,  flowers 
of  sulfur,  benzyl  mercaptan,  magnesium  oxide  and 
zinc  oxide. 

Deflagration 

A  slower  form  of  detonation  (see  Detonation) . 
Deliquescent 

A  substance  that  dissolves  gradually  and  becomes 
liquid  by  attracting  and  absorbing  moisture  from 
the  air. 

Depth  Charge 

An  explosive  projectile  to  be  used  against  targets 
under  water,  especially  suhau^lnes. 
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Dermatitis 


Inflammation  of  the  skin  which  is  evidenced  by  itch¬ 
ing,  redness  and  various  skin  lesions. 

Destructor 

An  explosive  or  other  device  used  to  intentionally 
destroy  a  missile  or  aircraft  or  a  component  there¬ 
of. 


Deterioration 


Implies  impairment  of  vigor,  usefulness,  etcetera. 

Detonation  (Explosion) 

An  extremely  rapid  reaction,  in  which  an  oxidizer  and 
a  fuel  combine  with  a  great  evolution  of  heat.  A 
high- order  detonation  or  "true  detonation"  proceeds 
with  very  high  speed,  generally  several  thousand  feet 
per  second.  A  low-order  detonation  is  a  partial  or 
relatively  slow  explosion,  generally  caused  by  ac¬ 
cidental  or  inadequate  initiation.  The  term  detona¬ 
tion  should  not  be  confused  with  deflagration,  which 
may  consume  the  same  explosive  materials  but  at  a 
rate  usually  on  the  order  of  inches  per  second. 


Detonator 


A  device  used  for  exploding  an  explosive  charge.  It 
consists  of  a  primer  composition  charge  and  one  or 
more  additional  high  explosive  charges  of  different 
compositions.  The  charges  are  arranged  in  the  order 
of  decreasing  sensitivity  and  increasing  quantity. 


Diluents 

Diluting  agents. 

Dynamite 


A  mixture  of  nitroglycerin  absorbed  in  a  porous  mate¬ 
rial.  Dynamite  is  designated  as  a  straight,  ammonia, 
gelatin  or  ammonia-gelatin  dynamite.  It  is  generally 
prepared  in  paraffin  coated  one-half  (1/2)  pound 
sticks  or  cartridges,  rated  according  to  the  per 
cent  by  weight  of  its  nitroglycerin  content. 

Exothermic 


A  thermodynamic  term  descriptive  of  an  evolution  of 
heat  or  other  energy. 
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Explosive 


Ao  explosive  includes  any  chemical  compound  or  mix¬ 
ture  of  substances  which,  when  subjected  to  flame, 
spark,  heat,  impact  or  friction  will  undergo  ex¬ 
tremely  rapid  to  virtually  instantaneous  chemical 
and  physical  transformation. 

Military  explosives  are  divided  into  two  classes, 
namely,  high  explosives  and  low  explosives. 

Explosives,  High 

High  explosives  or  detonating  explosives  are  character¬ 
ized  by  very  high  rates  of  reaction  and  high  pressure. 
Examples  of  high  explosives  are  TNT,  dynamite  and  ex¬ 
plosive  D. 

Explosives,  Low 

Low  explosives  are  mostly  solid  combustible  materials 
that  decompose  rapidly  but  do  not  normally  explode. 

This  action  is  known  as  deflagration.  Opoa  ignition 
and  decomposition  they  develop  large  volumes  of  gases 
that  produce  enough  pressure  to  propel  a  projectile 
or  missile  in  a  definite  direction.  Low  explosives 
do  not  usually  propagate  a  detonation.  Under  certain 
conditions  they  may  react  similar  to  high  explosives; 
that  is,  they  may  detonate.  Examples  of  low  explosives 
are  black  powder  and  smokeless  powder. 

Extrusion 


The  process  of  shaping  a  colloid  by  forcing  it  through 
dies  by  pressure. 


Fireworks 


Devices  that  produce  a  striking  display  of  light,  noise 
or  smoke  by  the  combustion  of  explosive  or  inflammable 
compositions- 


Fuse 

A  slow  burning  device  for  transmitting  a  flame. 

Fuze 

A  relatively  high  speed  device  used  to  activate  a 
warhead  or  explosive  charge.  It  may  operate  at  a 
specific  time,  on  contact  with  or  proximity  to  the 
target . 

Granulation 


The  process  of  forming  or  collecting  into  grains. 
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Grenade 


A  grenade  Is  an  explosive  or  chemical  device  intended 
for  use  at  relatively  short  range.  Grenades  are  very 
effective  for  augmenting  primary  weapons.  Smoke  and 
tear  gas  grenades  are  effective  for  dispersing  mobs, 
quelling  riots,  etcetera. 

Guided  Missile 

A  guided  missile  is  an  unmanned  vehicle  designed  as 
a  weapon.  It  moves  above  the  earth  in  a  trajectory 
or  flight  path  that  may  be  altered  either  remotely 
or  automatically  by  a  mechanism  within  the  missile. 

The  missile  destroys  itself  upon  completion  of  its 
mission.  In  addition  to  control  mechanisms,  guided 
missiles  include  explosive  warheads  and  power  plants, 
usually  rocket  or  jet  type. 

Hermetically 

Refers  to  a  means  of  sealing  containers  so  that  they 
remain  airtight  or  perfectly  closed. 

Heterogeneous 

Not  alike;  of  different  kinds.  A  composite  propellant 
is  heterogeneous  because  the  oxidizing  and  reducing 
agents  occur  in  separate,  distinct  phases. 

Homogeneous 

Composed  of  similar  parts.  Colloidal  propellants  are 
homogeneous  because  the  oxidizing  and  reducing  agent 
is  cor+ntned  in  a  homogeneous  or  colloidal  phase. 

Hygroscoplcity 

The  tendency  of  a  material  to  absorb  moisture  from 
its  surroundings. 

Hypergolic  Fuels 

Rocket  fuels  or  propellants  consisting  of  combi¬ 
nations  of  fuels  and  oxidizers  that  spontaneously 
ignite  when  in  contact  with  each  other  and  achieve 
ignition  temperature  without  outside  assistance. 


Igniter 


A  device,  usually  electrical,  that  propagates  the 
propellant  charge  to  the  ignition  temperature  and 
near  operating  combustion  chamber  pressure. 
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Ingredient 


One  of  the  parts  of  a  mixture. 

Integra?.  Light 

The  overall  light  intensity  in  a  required  exposure 
time.  This  is  one  of  the  common  characteristics  o 
photoflash  compositions. 

Intraline  Distance 

The  intraline  distance  is  the  distance  to  be  main¬ 
tained  between  any  two  (2)  operating  buildings  and/ 
or  sites  within  an  operating  line,  at  least  one  of 
which  contains  or  is  designed  to  contain  explosives. 
The  distance  from  service  magazines  for  the  line  to 
the  nearest  operating  building  shall  be  not  less 
than  the  intraline  separation  required  for  the 
quantity  of  explosives  contained  in  the  service 
magazine. 

JATP  (Jet  Assisted  Take-Off) 

A  JATO  is  defined  as  an  auxiliary  rocket  that  can  be 
attached  to  a  vehicle  for  the  purpose  of  applying 
thrust  when  needed.  It  is  further  defined  as  a  com¬ 
plete,  self-contained  rocket  unit  that  has  a  definite 
burning  time  and  a  fixed  thrust.  The  word  JATO  has 
been  adopted  as  the  basic  term  for  jet  thrust  units 
and  includes  boosters,  sustainers  and  aircraft  assist 
take-off  devices. 

Jute  Bag 

A  glossy-fiber  bag. 

Kinetic  Foergy 

The  energy  of  motion. 

Launch 

To  start  with  vigor;  to  hurl  as  a  weapon;  to  throw. 

Luminous 

Bright,  shining  by  its  own  light. 

Mach  Number 

A  number  representing  the  ratio  of  the  speed  of  a 
body  to  the  speed  of  sound  in  the  surrounding 
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atmosphere.  For  subsonic  speeds  the  Mach  number  is 
less  than  one  (1)  and  for  supersonic  speeds  it  is 
greater  than  one  (1). 


Oxidizer 


A  substance  such  as  chlorate,  perchlorate,  perman¬ 
ganate,  peroxide,  nitrate,  oxide,  etcetera,  that 
yields  oxygen  readily  to  support  the  combustion  of 
organic  matter,  powdered  metals  and  other  flammable 
material . 


Plasticizer 


Primers 


A  material  that  is  added  to  a  propellant  to  increase 
its  plasticity,  work  ability  or  to  extend  its 
physical  properties. 


Caps,  tubes  or  wafers  containing  percussion  powder 
or  other  compounds  for  igniting  an  explosive  charge. 


Projectile 


A  body  projected  by  exterior  force  and  continuing 
in  motion  by  its  own  inertia.  An  object  capable 
of  being  thrown  or  hurled. 


Propellant 


A  substance  wkich,  either  alone  or  in  combination 
with  another,  supplies  the  mass  of  ejection  for  a 
rocket  engine  and  the  heat  energy  for  conversion  to 
kinetic  energy  in  the  exhaust  jot.  A  propellant 
can  be  fuel,  an  oxidizer  or  a  combination  of  both, 
in  any  physical  state:  solid,  liquid,  gan  or 
plastic. 


Propellant,  Composite 


See  ’’Composite. 
Propellant,  Double-Base 


A  propellant  consisting  of  nitrocellulose  and  nitro¬ 
glycerin  with  the  addition  of  certain  stabilizers. 


Propellant,  Heterogeneous 


See  "Composite." 
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Propellant,  Homogeneous  or  Colloidal 

Homogeneous  propellants  are  true  monopropellants 
because  each  molecule  contains  the  necessary 
fuel  and  oxidizer  for  combustion.  Propellants 
containing  nitrocellulose  are  examples  of  homo¬ 
geneous  or  colloidal  propellants. 

Propellant,  Restricted 

A  propellant  system  where  combustion  occurs  perpen¬ 
dicular  to  the  longitudinal  axis  of  the  grain  ("cig¬ 
arette"  fashion) .  This  type  of  propellant  is  often 
called  an  "end  burner." 

Propellant,  Single-Base 

A  single-base  propellant  is  composed  of  nitrocellu¬ 
lose  with  small  quantities  of  modifying  agents 
added  for  specific  purposes. 

Propellant,  Unrestricted 

A  propellant  system  where  combustion  occurs  on  more 
than  one  planar  surface. 

Pyrotechnic 

A  mixture  of  an  oxidizing  and  reducing  agent  designed 
to  produce  light,  heat  or  perform  some  other  non- 
pro  pulsive  function. 

Retardants 

Substances  that  slow  or  retard  a  reaction  as  opposed 
to  accelerators  which  speed-up  a  reaction. 


Rocket 


A  missile  propelled  by  the  thrust  caused  by  a  dis¬ 
charging  jet  of  gas  from  a  burning  propellant  within 
the  rocket.  A  self-propelled  vehicle  (non-air 
breathing)  operating  on  the  reaction  principle. 

Rocket  Motor 


A  generic  terra  for  a  solid  propellant  rocket  consist¬ 
ing  of  the  assembled  propellant,  case,  ignition 
system,  nozzle  and  appurtenances. 

Sensitivity 


A  measure  of  the  stability  of  a  propellant  to 
withstand  heat  and  shock. 
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Squib 

An  electrical-pyrotechnic  device  used  to  ignite 
an  explosive  material,  a  primer  or  igniter. 

Stabilizer 


A  material  added  to  a  propellant  to  suppress  deccm 
position. 


Sustainer 


A  propulsion  system,  that  travels  with  and  does  not 
separate  from  the  missile.  The  term  is  usually 
applied  to  solid  propellant  rocket  motors  that 
are  used  as  the  principal  propulsion  system  as 
distinguished  from  auxiliary  motors  or  boosters 
( JATOS) . 


Torpedo 


A  cigar-shaped  projectile  carrying  a  detonating 
charge.  When  the  head  of  a  torpedo  strikes  an 
object,  a  firing  pin  is  driven  against  a  per¬ 
cussion  cap  which  explodes  the  charge. 
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EXPLOSIVE  COMPOSITIONS 


ITEM 

COMPOSITION 

USE 

Aramanol 

67%  TNT,  22%  Ammonium  nitrate, 
11%  aluminum 

Bursting  charge 

Amatol 

50/50  60/40  80/20 

TNT  5d%  40%  20% 

Ammonium 

Nitrate  50%  60%  80% 

Bursting  charge, 
Bangalore  torpe¬ 
does 

CBS 

85%  RDX,  15%  Desensitizer 
(oil) 

Constituent  of 
propellants 

Composition  A 

91%  RDX,  9%  beeswax 

Bursting  charge, 
high  potential 
explosive,  shell 
filler 

Composition  A3 

91%  RDX,  9%  wax  and  wetting 
agent 

Shell  press  load¬ 
ing 

Composition  B 

39.5%  TNT,  59.5%  RDX,  0.9% 
wax,  0.1%  dispersing  agent 

High  potential 
burster  for  shells 
and  rhombs 

Composition  B2 

60%  RDX,  40%  TNT 

Bursting  charge 
in  bombs 

Composition  C 

88%  RDX,  12%  plasticizing 
agent  (oil  base) 

Plastic  explosive, 
demolition,  burst¬ 
ing  charge 

Composition  C2 

78%  RDX,  22%  plasticizing 
agent  (MNT, DNT, TNT, XL- Sol¬ 
vent,  NC) 

Plastic  explosive, 
demolition,  shell 
filler  (rockets) 

Composition  C3 

78%  RDX,  22%  plasticizing 
agent  (MNT, DNT, TNT, TET, 

NC) 

Plastic  explosive, 
demolition  blocks 

Composition  C4 

91%  RDX,  9%  plasticizing 
agent  and  binder 

Plastic  explosive, 
high  potential 
burst io£  charge 

Composition  02 

13%  nitrocellulose,  85% 
wax,  2%  lecithin 

Desensitizing 

agent 

Cyclotol 

25/75  40/60 

tnt  ~m~ 

RDX  75%  60% 

Adapter  booster, 
bursting  charge 
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EXPLOSIVE  COMPOSITIONS  (Continued) 


ITEM 

COMPOSITION 

USE 

DBX 

40%  TNT,  42%  RDX-NH4NO3 ,  I3f; 
aluminum 

High  explosive 

EDNATOL 

57/43  60/40  55/45  50  '50 
EDNA  "57%“  1ST  "35 T  “50% 

TNT  43%  40%  45%  50% 

Bursting  charge 

HBX 

38%  TNT,  40%  RDX,  17%  aliminum, 
5%  desensitizer 

Warhead 

Minol 

40%  TNT,  40%  NH4N03i  20%  alu¬ 
minum 

Burster  charge 

Pentolite 

10/90  30/70  40/60  50/50 

petn  nro%"  ~m~  "5or 

TNT  90%  70%  80%  50% 

30%  to  75%  PETN- 
pentolite  in  bur¬ 
sting  charge,  10% 
PETN  pentolite  in 
fuze  and  boosters 

PEP- 2 

85%  PETN,  15%  deuensitizer 
(oil) 

Demolition 

PEP-3 

85%  PETN,  15%  desensitizer 
(oil) 

Demolition 

PIPE 

81%  PETN,  .9%  desensitizer 

(Oily 

Demolition 

Picratol 

52%  Explosive  D,  48%  TNT 

Armor-piercing 

projectiles 

PTX-1 

20%  TNT,  30%  RUX,  ti0%  tetryl 

Mines,  demoli¬ 
tion 

PTX-2 

28%  TNT,  44%  RDX,  28%  TNT 

Shaped  charges, 
shell 

RIPE 

85%  RDX,  15%  desensitizer 
(oil) 

Demolition 

Tetrytol 

70/30  80/20  75/25  65/35 
Tetryl  70%  815%  75%  65% 

TNT  30%  20%  25%  35% 

Bursters,  demo¬ 
lition  blocks, 
destructors 

Torpex 

Torpex  #2 

Torpex  #3 

40%  TNT,  42%  RDX,  18%  alumi¬ 
num 

12%  TNT,  70%  Comp.  B,  18% 
aluminum 

99.5%  Torpex  #2,  0.5%  CaCl2 

Bursting  charges 
for  underwater 

use 
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EXPLOSIVE  COMPOSITIONS  (Continued) 


ITEM 

COMPOSITION 

USE 

Tridite 

80%  picric  acid,  20%  dinitro- 
phenol 

TNT  substitute 

Trimonite 

88%  picric  acid,  12%  a-mono- 
nit  ro  napht hal ene 

TNT  substitute 

Tritonal 

20/80  30/70  40/60 

Aluminum  20%  30%  40% 

TNT  80%  70%  60% 

Bursting  charge 
in  bombs 
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INITIAL  DETONATING  AGENTS 


ITEM 

OTHER  NAMES 

USE 

Diazodinitrophenol 

4,  6,  dinitroben¬ 
zene  -  2-  diazo  - 
1  -  oxide,  dinol, 
diazo 1  or  DDNP 

Blasting  caps, 
primary  compositions 
and  detonators 

Lead  Azide 

Dextrinated  Lead 
Azide,  Orthorhom¬ 
bic  (Alpha)  lead 
azide  or  monoclinic 
(beta)  lead  azide 

Initiating  agent 
for  high  explo¬ 
sives 

Lead  Styphnate 

2,  4,  6  -  trinitro- 
resorcinate 

Igniting  charge 
for  lead  azide 
and  ingredient 
in  primary  com¬ 
positions 

Mercury  Fulminate 

Hg  (ONC) 2 

Detonators,  ar 
ingredient  in 
priming  composi¬ 
tions  and  blast- 
.  *g  caps 

Tetracene 

4-guanyl  -  1  - 
(Nitrosoamino- 
guanyl)  -  1  - 
tetracene 

An  ingredient  of 
priming  composi¬ 
tions 

TI-4 


NON- INITIATING  HIGH  EXPLOSIVES 


ITEM 

OTHER  NAMES 

USE 

Ammonium  Nitrate 

nh4  no3 

Oxidizing  agent  in 
propellants  and  ex¬ 
plosives 

Explosive  "D" 

Ammonium  2,4,6,- 
trinit rophenolate, 
ammonium  picrate 

Armcr-piercing  projec¬ 
tiles,  ingredients  of. 
picratol  and  used  in 
propellant  compositions 

Haleite 

Ethylenedinitra- 
mine,  N.N^dini- 
troethylenedia- 
mine  or  EDNA 

High  potential  explo¬ 
sive,  burster  charge 
and  booster 

Nitrocellulose 

Cellulose  nitrate, 
NC,  pyroxylin,  col¬ 
lodion,  pyrocellu- 
lose  or  guncotton 

Manufacture  of  nitro¬ 
cellulose  propellants 
and  smokeless  powders 

Nitroglycerin 

Glyceryl  trinitrate 
or  NG 

Smokeless  powders,  solid 
propellants  and  minute 
amounts  for  medicinal 
purposes 

Nitroguanidine 

Picrite  or  guanyl 
nitramine 

Smokeless  and  flash¬ 
less  propellants 

Nitrostarch 

Starch  nitrate  or 
xylldlne 

Commercial  blasting 
explosives,  bursting 
charge  for  grenades 
and  mortar  shells 

PETN 

Pent aery t hr ite 
tetranltrate,  penta, 
pentrit  or  nitro- 
pentaerythrite 

Detonating  fuze  and 
boosters,  priming  com¬ 
positions,  blasting 
caps  and  detonators 

Picric  Acid 

2,4,6-trinitro- 
phenol,  melinite, 
lyddite,  pertite 
or  shimose 

Manufacturing  of  Ex¬ 
plosive  MD" 

RDX 

Cyclotrisethylene- 
trinitramine,  hexa- 
hydro-  1,3,5-  tri- 
nitro-5-trlazine, 
cyclonite,  hexogen 
or  T4 

Base  charge  for  detona¬ 
tors  and  as  an  explo¬ 
sive  for  shells  and 
bombs 
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NON- INITIATING  HIGH  EXPLOSIVES  (Continued) 


ITEM 

OTHER  NAMES 

USE 

Tetryl 

2,4,6-  trinitro- 

Booster,  ingredient 

phenyl-aethylnitra- 

in  binary  explosive, 

nine,  tetralite, 

detonators  and  blast- 

pyronite  or  CE 

ing  caps 

TNT 

Trinitrotoluene 

Most  important  burst- 

alpha  or  2,4,6-  tri- 

ing  explosive,  used 

nitrotoluene,  trotyl, 

as  an  ingredient  of 

tolite,  triton,  tri- 

binary  explosives  in 

tol  or  trilite 

shells,  bombs,  gren¬ 
ades,  demolition  ex¬ 
plosives  and  propel¬ 
lant  compositions 
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SOLID  ROCKET  DESIGN  EQUATIONS 


SPECIFIC  IMPULSE 

j  F  _  FAt  c*  Cf  z  Vj  =  Cj_ 

sp "  \V  "  wp  q  "  g  '  cw 

TOTAL  IMPULSE 

I  =  Ft  (for  constant  F)  =  Wp  Isp 


OVER -ALL  IMPULSE 


Io  - 


£1 

Wo 


CHARACTERISTIC  VELOCITY 

*  isp  9  g  g  Vj 

c  a  -  =  —  pc  At  =  —  »  ~ 

cf  w  c  1  cw  cf 

EXHAUST  VELOCITY 


Vj  *  glsp 


WEIGHT  FLOW 
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THRUST  COEFFICIENT 
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SOLID  ROCKET  DESIGN  EQUATIONS  Conf'd 


WEIGHT  FLOW  COEFFICIENT 


Pc  At 


LINEAR  BURNING  RATE 


f°  S  *2Pc  5  Ap?p 


AREA  RATIO 


AP 

Kn  =  — 
At 


i-n 

c*  Pc 
a2Vp 


CHAMBER  PRESSURE 


p  =  ( Kn  ??„V) 

\  C  m  j 


,\  1-n 


IMPULSE  -WEIGHT  RATIO 


Rr/u/  * 


PRESSURE  SENSITIVITY  TO  TEMPERATURE 


( An)(pc) 


THRUST 


pc  At  I  sp 

C  ♦ 


PC  At  Cf 


LEGEND 


%Z  S  experimental  constant 

Ap  =  BURNING  SURFACE,  SQUARE  INCH 

Af  =  NOZZLE  THROAT  AREA,  SQUARE  INCH 

C*  r  CHARACTERISTIC  VELOCITY,  FPS 

Cw  =  WEIGHT  FLOW  COEFFICIENT 

Cf  =  THRUST  COEFFICIENT 

F  =  THRUST,  LB. 

g  b  ACCELERATION  OF  GRAVITY,  FPS2 

I  =  TOTAL  IMPULSE  (lb.  sec.  =  FA  t  *  Wp  I  $p) 

I0  =  OVER -ALL  IMPULSE,  lb  sec/lb 

ISp  =  SPECIFIC  IMPULSE,  lb  sec/!b 

Kn  s  AREA  RATIO 

n  =  EXPONENT  Or  BURNING  RATE,  USUALLY  BETWEEN  0.4  AND  0.8 

Pc  =  CHAMBER  PRESSURE,  psi 

r0  s  LINEAR  8URNIN6  RATE,  in./sec 

R  =  GAS  CONSTANT,  1545  ft/°R 

RI/W  =  IMPULSE  WEIGHT  RATIO 

t  =  TIME,  sec 

T  =  TEMPERATURE,  deg  F 

Vj  =  EXHAUST  JET  VELOCITY,  FPS 

W  =  WEIGHT  FLOW  OR  RATF.  OF  PROPELLANT,  Ib/sec 

WO  =  WEIGHT  OF  OXIDIZER 

W0  =  OVER-ALL  WEIGHT,  lb 

WP  =  PROPELLANT  WEIGHT,  lb 

yp  =  SPECIFIC  WEIGHT  OF  PROPELLANT,  Ib/cu  in. 

?p  =  yD -Vg  =  DIFFERENCE  IN  SPECIFIC  WEIGHT  OF  THE 

PROPELLANT  AND  THE  GASES  IN  THE  FREE 
VOLUME  OF  THE  COMBUSTION  CHAMBER,  Ib/cu  in 

0  p 


PRESSURE  SENSITIVITY  TO  TEMPERATURE,  per  cent/deg  F 


INTERNATIONAL  ATOMIC  WEIGHTS,  1959* 


ELEMENTS 

Actinium 

Aluminum 

Americium 

Ant i raony 

Argon 

Arsenic 

Astatine 

Barium 

Berkelium 

Beryllium 

Bismuth 

Boron 

Bromine 

Cadmium 

Calcium 

Californium 

Carbon 

Cerium 

Cesium 

Chlorine 

Chromium 

Cobalt 

Columbium 
(see  Niobium) 

Copper 


1 

1 

ATOMIC 

ATOMIC 

SYMBOL 

WEIGHTS 

NUMBER 

VALENCE 

Ac 

227.0 

89 

- 

- 

A1 

26,98 

13 

3 

Am 

243 , 0 

95 

3, 

4.  5, 

l 

6 

Sb 

121.76 

51 

t 

^  } 

5 

At 

39.944 

18 

0 

As 

74.92 

33 

3, 

5 

It 

210.0 

85 

■ 

1, 

3,  5, 

7 

Ba 

137.36 

56 

2 

Bl; 

249,0 

97 

3, 

4 

Be 

9.13 

4 

2 

Bi 

209 . 00 

83 

3, 

5 

B 

10.82 

5 

3 

Br 

79.916 

35 

1, 

3,  5, 

7 

Cd 

112.41 

48 

2 

Ca 

40.08 

20 

2 

Cf 

251.0 

98 

- 

- 

C 

12.011 

6 

2, 

4 

Ce 

140.13 

58 

3, 

4 

Cs 

132.91 

55 

1 

Cl 

35.457 

17 

1 

1, 

3,  5, 

7 

Cr 

j 

52.01 

24 

2, 

3,  6 

Co 

58.94 

27 

2, 

3 

Cu 

63.54 

29 

1, 

2 
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PROPERTIES  OF  TYPICAL  SOLID  PROPELLANTS* 


TI-10 


_ 

I  1  1  1  — .  111  '  ■  •  •  ■  . 


*  Ftobs  Principles  of  Guided 

Missile  Design,  Merrill,  1958 


INTERNATIONAL  ATONIC  WEIGHTS,  1953  (Continued) 


ELEMENTS 

SYMBOL 

j 

ATOMIC 

WEIGHT 

ATOMIC 

NUMBER 

VALENCE 

Curium 

Cm 

247.0 

96 

3 

Dysprosium 

Dy 

162.51 

66 

3 

Einsteinium 

Es 

254.0 

99 

- - 

Frbium 

Er 

167.27 

68 

3 

Europium 

Eu 

152.0 

63 

2,  3 

Fermium 

Fm 

253.0 

100 

-  -  - 

Fluorine 

F 

19.00 

9 

1 

Francium 

Fr 

223.0 

87 

1 

Gadolinium 

Gd 

157.26 

64 

3 

Gallium 

Ga 

69.72 

31 

2,  3 

Germanium 

Ge 

72.60 

32 

4 

Gold 

Au 

197.0 

79 

i,  3 

Hafnium 

Hf 

178.50 

72 

4 

Helium 

He 

4.003 

2 

0 

Holmium 

Ho 

164.94 

67 

3 

Hydrogen 

H 

1.0080 

1 

1 

Indium 

In 

114.82 

49 

3 

Iodine 

I 

126.91 

53 

1.  3,  5,  7 

Iridium 

Ir 

192.2 

77 

3,  4 

Iron 

Fe 

55.85 

26 

2,  3 

Krypton 

Kr 

83.80 

36 

0 

Lanthanum 

La 

138.92 

57 

3 

Lead 

Pb 

207.21 

82 

2,  4 

Lithium 

Li 

6.940 

3 

1 

INTERNATIONAL  ATOMIC  WEIGHTS ,  1859  (Continued) 


ELEMENTS 

— 

SYMBOL 

ATOMIC 

WEIGHT 

■  - 

ATOMIC 

NUMBER 

VALENCE 

Lutetium 

Lu 

174.99 

71 

3 

Magnesium 

Mg 

24.32 

12 

2 

Manganese 

Mn 

54.94 

25 

2,  3,  4,  6,  7 

Mendelevium 

Md 

256.0 

101 

— 

Mercury 

Hg 

200.61 

80 

1,  2 

Molybdenum 

Mo 

95.95 

42 

3,  4,  6 

Neodymium 

Nd 

144.27 

60 

3 

Neon 

Ne 

20.183 

10 

0 

Neptunium 

Np 

237.0 

93 

4,  5,  6 

Nickel 

Ni 

58.71 

28 

2,  3 

Niobium 

(Columbium) 

Nb 

92.91 

41 

3,  5 

Nitrogen 

N 

14.008 

7 

3,  5 

Osmium 

Os 

190.2 

76 

2,  3,  4,  8 

Oxygen 

0 

16.0000 

8 

2 

Palladium 

Pd 

106.4 

46 

2,  4 

Phosphorus 

P 

30.975 

15 

3,  5 

Platinum 

Pt 

195.09 

78 

2,  4 

Plutonium 

Pu 

242.0 

94 

3,  4 ,  5,  6 

Polonium 

Po 

210.0 

84 

Potassium 

K 

39.100 

19 

1 

Praseodymium 

Pr 

140.91 

59 

3 

Promethium 

Pm 

147.0 

61 

3 

Protactinium 

Pa 

231.0 

91 

Radium 

1  .  _  ..  .  .  _ 

Ra 

226.0 

88 

2 
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INTERNATIONAL  ATOMIC  WEIGHTS,  1959  (Continued) 


ELEMENTS 

SYMBOL 

ATOMIC 

WEIGHT 

ATOMIC 

NUMBER 

VALENCE 

Radon 

Rn 

222.0 

86 

0 

Rhenium 

Re 

186.22 

75 

-  -  - 

Rhodium 

Rh 

102.91 

45 

3 

Rubidium 

Rb 

85.48 

37 

1 

Ruthenium 

Ru 

101.1 

44 

3,  4,  6,  8 

Samarium 

Sm 

150.35 

62 

2,  3 

Scandium 

Sc 

45.96 

21 

3 

Selenium 

Se 

78.96 

34 

2,  4,  6 

Silicon 

Si 

28.09 

14 

4 

Silver 

Ag 

107 . 880 

47 

1 

Sodium 

Na 

22.991 

11 

1 

Strontium 

Sr 

87.63 

38 

2 

Sulfur 

S 

32.066 

16 

2,  4,  6 

Tantalum 

Ta 

180.95 

73 

5 

Technetium 

Tc 

99.0 

43 

6,  7 

Tellurium 

Te 

127.61 

52 

2,  4,  6 

Terbium 

Tb 

158.93 

65 

3 

Thallium 

T1 

204.39 

81 

1.  3 

Thorium 

Th 

232.0 

90 

4 

Thulium 

Tm 

168.94 

69 

3 

Tin 

Sn 

118.70 

50 

2,  4 

Titanium 

Ti 

47.90 

22 

3,  4 

Tungsten 
(see  Wolfrsm) 

•m  « 

_ 

— 

-  -  - 

INTERNATIONAL  ATOMIC  WEIGHTS,  1959  (Continued) 


ELEMENTS 

.  . 

SYMBOL 

ATOMIC 

WEIGHT 

ATOMIC 

NUMBER 

VALENCE 

Uranium 

U 

238.0 

92 

4,  6 

Vanadium 

V 

50.95 

23 

3,  5 

Wolfram 

(Tungsten) 

W 

183.86 

74 

6 

Xenon 

Xe 

131.30 

54 

0 

Ytterbium 

Yb 

173.04 

70 

2,  3 

Yttrium 

Y 

88.91 

39 

3 

Zinc 

Zn 

65.38 

30 

2 

Zirconium 

Zr 

91.22 

40 

4 

*  Taken  from  Periodic  Chart  of  The  Atoms 
By  Hubbard  and  Meggers 
Revised  Edition  1959 
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CONVERSION  FACTORS 


LENGTH 

MULTIPLY  BY 

TO  OBTAIN 

Centimeters 

0.3937 

Inches 

0.03281 

Feet 

Kilometers 

3281 

Feet 

0.6214 

Miles 

0.5396 

Nautical  Miles 

1093.6 

Yards 

Meters 

39.37 

Inches 

3.281 

Feet 

1.0936 

Yards 

Miles 

5280 

Feet 

0.8684 

Nautical  Miles 

1760 

Yards 

Nautical  Miles 

6080.2 

Feet 

WEIGHT 

Grams 

15.432 

Grains 

0.03527 

Ounces  (avdp.) 

0.002205 

Pounds  (avdp.) 

1000 

Milligrams 

0.001 

Kilograms 

Kilograms 

2.205 

Pounds  (avdp.) 

35.27 

Ounces  (avdp.) 

1000 

Grams 

Pounds  (avdp.) 

7000 

Grains 

16.0 

Ounces 

1.215 

Pounds  (Troy) 

Tons  (Long) 

2240 

Pounds  (avdp.) 

Tons  (Metric) 

1000 

Kilograms 

2205 

Pounds  (avdp.) 

1.102 

Tons  (Short) 

VOLUME 

Barrels 

42 

Gallons  (Oil) 

Cubic  Centimeters 

10~3 

Liters 

0.0610 

Cubic  Inches 

TI-16 


CONVERSION  FACTORS  (Continued) 


VOLUME 

MULTIPLY  BY 

TO  OBTAIN 

Cubic  Feet 

28317 

Cubic  Centimeters 

1728 

Cubic  Inches 

0.03704 

Cubic  Yards 

7.481 

Gallons 

28.32 

Liters 

Cubic  Inches 

4.329X10-3 

Gallons 

0.01732 

Quarts  (Liquid) 

Cubic  Meters 

61023 

Cubic  Inches 

35.31 

Cubic  Feet 

264.17 

Gallons 

1.308 

Cubic  Yards 

Gallons,  Imperial 

277.4 

Cubic  Inches 

1.201 

U.S.  Gallons,  Liquid 

4.546 

Liters 

Gallons,  U.S.  Dry 

268.8 

Cubic  Inches 

0.1556 

Cubic  Feet 

1.164 

Gals.  U.S.  Liquid 

4.404 

Liters 

Gallons,  U.S.  Liquid 

231 

Cubic  Inches 

0.1337 

Cubic  Feet 

3.785 

Liters 

128 

Liquid  Ounces 

Ounces  Fluid 

29.57 

Cubic  Centimeters 

1.805 

Cubic  Inches 

AREA 

Acres 

43560 

Square  Feet 

4047 

Square  Metere 

1.562X10”3 

Square  Miles 

Circular  Mils 

7.854X10'7 

Square  Inches 

5.067X10“4 

Square  Millimeters 

0.7854 

Square  Mils 

Square  Centimeters 

0.1550 

Square  Inches 

0.001076 

“qua re  Feet 

Square  Inches 

645.16 

Square  Millimeters 

Square  Kilometers 

0.3861 

Square  Miles 
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CONVERSION  FACTORS  (Continued) 


AREA 

MULTIPLY  BY 

TO  OBTAIN 

Square  Meters 

10.76 

Square  Feet 

1.196 

Square  Yards 

Square  Miles 

2 . 5ii0 

Square  Kilometers 

640 

Acres 

VELOCITY 


Feet  Per  Minute 

0.01136 

Miles  Per  Hour 

0.01829 

Kilometers  Per  Hour 

0 . 5080 

Centimeters  Per  Sec. 

0.01667 

Feet  Per  Second 

Feet  Per  Second 

0.6818 

Miles  Per  Hour 

1.097 

Kilometers  Per  Hour 

30.48 

Centimeters  Per  Sec. 

0.3048 

Meters  Per  Second 

0.5921 

Knots 

Knots 

1.0 

Nautical  Miles  Per  Hour 

1.6889 

Feet  Per  Second 

1.1515 

Miles  Per  Hour 

0.5148 

Mecers  Per  Second 

Miles  Per  Hour 

i  .467 

Feet  Per  Second 

0 . 4470 

Meters  Per  Second 

1.609 

Kilometers  Per  Hour 

0.8684 

Knots 

Radians  Per  Second 


57.296 

0.1592 

9.55 


Degrees  Per  Second 
Revolutions  Per  Sec. 
Revolutions  Per  Min. 


PRESSURE 

Atmospheres 

76.0 

Centimeters  of  Mercury 

29.921 

Inches  of  Mercury 

33.93 

Feet  of  Water 

10332 

Kilograms  Per  Sq.  Meter 

2116.2 

Lbs.  Per  Square  Foot 

VISCOSITY 


(Kinematic  Viscosity)  Density 


(Absolute  Viscosity) 
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CONVERSION  FACTORS  (Continued) 


VOLUME 

MULTIPLY  BY 

Cubic  Feet 

28317 

1728 

0.03704 

7 .483 

28.32 

Cubic  Inches 

4.329X10-3 

0.01732 

Cubic  Meters 

61023 

35.31 

264.17 

1.308 

Gallons,  Imperial 

277.4 

1.201 

4.546 

Gallons,  U.S.  Dry 

268.8 

0.1556 

1.164 

4.404 

Gallons,  U.S.  Liquid 

231 

0.1337 

3.785 

128 

Ounces  Fluid 

29.57 

1.805 

AREA 

Acres 

43560 

4047 

1 .562X1 0*3 

Circular  Mils 

7.8~4X10"7 

5. 067X10- 4 
0.7854 

Square  Centimeters 

0,1550 

0.001076 

Square  Inches 

615.16 

Square  Kilometers 

0.3861 

TO  OBTAIN 

Cubic  Centimeters 
Cubic  Inches 
Cubic  Yards 
Gallons 
Liters 

Gallons 

Qviarts  (Liquid) 

Cubic  Inches 
Cubic  Feet 
Ga l 1 ons 
Cubic  Yards 

Cubic  Inches 

U.S.  Gallons,  Liquid 

Liters 

Cubic  Inches 
<"ub"c  F'it 
Gals.  U.S,  Liquid 
Lite.  „ 

Cubic  Inches 
Cubic  Feet 
Liters 

Liquid  Ounces 

Cubic  Centimeters 
Cubic  Inches 


Square  Feet 
Square  Meters 
Square  Miles 

Square  Inches 
Square  Millimeters 
Square  Mils 

Square  Inches 
Square  Feet 
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Square  Millimeters 
Square  Miles 


CONVERSION  FACTORS  (Continued) 


AREA 

Square  Meters 
Square  Miles 


MULTIPLY  BY 

10.76 

1.106 


TO  OBTAIN 

Square  Feet 
Square  Yards 


2.590 

640 


Square  Kilometers 
Acres 


VELOCITY 

Feet  Per  Minute  0.01136 

0.01829 
0 . 5080 
0.01667 

Feet  Per  Second  0.6818 

1.097 

30.48 

0.3048 

0.5921 

Knots  1>0 

1 . 6889 
1.1515 
0.5148 

Miles  Per  Hour  1.467 

0.4470 

1.609 

0.8884 

Radians  Per  Second  57.296 

0 . i 592 
9.55 


PRESSURE 

Atmospheres  7g  q 

29.921 

33.93 

10332 

2116.2 


VISCOSITY 

(Kinematic  Viscosity)  Density 


Miles  Per  Hour 
Kilometers  Per  Hour 
Centimeters  Per  Sec. 
Feet  Per  Second 

Miles  Per  Hour 
Kilometers  Per  Hour 
Centimeters  Per  Sec. 
Meters  Per  Second 
Knots 

Nautical  Miles  Per  Hour 
Feet  Per  Second 
Miles  Per  Hour 
Meters  Per  Second 

Feet  Per  Second 
Meters  Per  Second 
Kilometers  Per  Hour 
Knots 

Degrees  Per  Second 
Revolutions  Per  Sec. 
Revolutions  Per  Min. 


Centimeters  of  Mercury 
Inches  of  Mercury 
Feet  of  Water 
Kilograms  Per  So.  Meter 
Lts.  Per  Square  Foot 


(Absolute  Viscosity) 
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CONVERSION  FACTORS  (Continued) 


POWER 

BTU  Per  Minute 


HORSEPOWER 


ENERGY 

BTU 

TEMPERATURE 

Fahrenheit 

Centigrade 


MULTIPLY  BY 

TO  OBTAIN 

12.96 

Foot-Lbs.  Per  Sec 

0.02356 

Horsepower 

17.57 

Watts 

0.2520 

Kilogram-Calories 
Per  Minute 

33000 

Foot -Lbs.  Per  Min 

550 

Foot-Lbs.  Per  Sec 

76.040 

Kilogram-Meters 
Per  Second 

1.014 

Metric  Horsepower 

42.41 

BTU  Per  Minute 

10.68 

Ki lo  gram-Ca lories 
Per  Minute 

0.7457 

Kilowatts 

778.2 

Foot-Pounds 

1055 

Joules 

5/9  (F-32) 

Centigrade 

9/5  (C  /  17.8)  Fahrenheit 


REFERENCE: 


Pocket  Data  for  Rocket  Engines,  by  Bell  Aircraft 
Corp.,  Buffalo  5,  N.  Y. 


TEMPERATURE  CONVERSION  TABLE 
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WEIGHT  OF  MATERIALS 


WEIGHT  OF  MATERIALS 


SOLID  PROPELLANT  JATO  NOMENCLATURE 
(JATO  -  Jet  Assisted  Take-Off) 


A  JATO  unit  is  defined  as  an  auxiliary  rocket  that  can  be 
attached  to  a  vehicle  for  the  purpose  of  applying  thrust  when 
needed.  It  is  further  defined  as  a  complete,  self-contained 
rocket  unit  that  has  a  definite  burning  time  and  a  fixed  thrust. 
The  word  JATO  has  been  adopted  as  the  basic  term  for  jet  thrust 
units  and  includes  boosters,  sustainers  and  aircraft  assist 
take-off  devices. 

The  complete  JATO  nomenclature  consists  of  the  following 
three  (3)  parts: 

1 .  Basic  Name 


The  basic  name  is  Jet  Assisted  Take-Off  and  is 
abbreviated  JATO. 

2.  Description 

The  description  is  composed  of  the  following: 

a.  Numerals  denoting  thrust  duration  in  seconds 
(at  70°F) 

b.  Two  (2)  letter  symbols  denoting  the  type 
and  physical  state  of  the  propellant.  This 
two  letter  symbol  must  be  followed  by  a 
dash  (-) 

The  latter  symbols  for  the  type  of  propellant  are 
as  follows: 

SYMBOL 

A 

B 
C 
D 
E 
F 

H 
K 


TYPE 

Acid  with  fuel  or  asphalt  with  per¬ 
chlorate 

Ball  or  chopped  double-base 

Composite  (picrate-nitrate) 

Cast  double-base 

Extruded  double-base 

Furfuryl  alcohol  with  oxidizer  (in¬ 
cludes  all  alcohols  higher  than  ethyl) 

Hydride  fuels 

Cast  perchlorates  (binder  fuels  other 
than  asphalt) 
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SYMBOL 


TYPE 


N  Nitrates  and  nitro-compounds  (other 

than  those  designated  above) 

0  Liquid  oxygen  with  alcohol  or  other 

hydrocarbons 

SYMBOL  PHYSICAL  STATE 

L  Liquids 

P  Plastic  compositions 

S  Solids 


c.  Numerals  denoting  the  approximate  thrust  in  pounds 
produced  by  the  unit  (at  70°F). 

3 .  Identification 

The  identification  consists  of  various  symbols  and 
numerals  used  to  define  the  status,  model  and  design 
sequence  of  the  JATO  unit. 

Minor  variations  exist  in  the  identifications  used  by 
the  Air  Force,  Army  and  Navy. 


Air  Force  and  Army  JATOS 


The  Air  Force  and  Army  service  standard  JATO 
units  are  designated  with  the  letter  M  and 
subsequent  standard  modifications  are  desig¬ 
nated  with  the  letter  A.  Frequently  standard 
units  are  experimentally  modified  and  desig¬ 
nated  by  M  E.  Experimental  units  are  desig¬ 
nated  witli  a  T  and  subsequent  experimental 
modifications  are  designated  with  the  letter  E. 


Navy  JATOS 


Navy  service  standard  JATO  units  are  desig¬ 
nated  according  to  purpose  and  by  the  letters 
Mk .  Subsequent  standard  modifications  are 
designated  by  Mod.  Experimental  units  are 
designated  with  an  X  followed  by  a  three  (3) 
digit  number.  The  three  (3)  digit  numbers 
are  the  100  series  reserved  for  JATOS  manu¬ 
factured  by  the  Aerojet-General  Corp.;  200 
series  for  the  Allegany  Ballistics;  and  300 
series  for  NOTS  (Naval  Ordnance  Test  Station). 
Major  modifications  of  JATO  units  are  desig¬ 
nated  by  a  letter  of  the  alphabet  and  subse¬ 
quent  minor  modifications  are  designated  by 
a  number. 
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Examples 


1 •  2.3  DS-62000  JATO  Unit  M3E1 

This  j.s  the  complete  nomenclature  for  an  Air  Force 
or  Army  JATO  unit. 

The  JATO  unit  would  be  a  2.3  second  thrust  duration 
(at  7u°F),  cast  double-base  (D) ,  solid  propellants 
(S)  unit  of  62,000  pounds  thrust.  Its  identifica¬ 
tion  M3E1  means  that  it  is  an  Air  Force  or  Army 
JATO  experimental  standard  service  unit  (designat¬ 
ed  by  M3)  and  the  experimental  unit  modified  one 
time  (El) - 

2.  18  XS-50000  Missile  Booster  Mk6  Mod  1 

This  is  the  complete  nomenclature  for  a  Navy  service 
standard  JATO  (M:<6)  ,  missile  booster,  having  one  (1) 
modification  (Mod  1).  The  cast  perchlorate  (X), 
solid  propellant  (S)  would  have  a  thrust  duration  of 
eighteen  (18)  seconds  and  a  thrust  of  50,000  pounds. 
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Section  I 

GENERAL  INFORMATION 


I .  CLASSIFICATION  OF  MILITARY  EXPLOSIVES  AND  AMMUNITION 

Explosives  and  ammunition  ma>  be  classified  according  to 
the  following  characteristics: 

A .  Type 

1.  Small-Arras  Ammunition 

Small-arms  ammunition  consists  of  cartridges 
used  in  rifles,  carbines,  revolvers,  pistols, 
submachine  guns,  machine  guns  and  shells  used 
in  shotguns. 

2.  Grenades 

Gren;.des  are  explosive  or  chemical-filled  pro¬ 
jectiles.  They  are  designed  to  be  thrown  by 
hand  or  projected  from  a  rifle. 

3.  Artillery  and  Cannon  Powder  Ammunition 

Artillery  and  cannon  powder  ammunition  consists 
of  cartridges,  shot  and  shells  that  are  filled 
with  high  explosives,  chemicals  or  other  active 
agents  and  projectiles  that  are  used  in  guns, 
howitzers,  mortars  and  recoiless  rifles. 

4 .  Bombs 

Bombs  are  containers  filled  with  explosives, 
chemicals  or  other  active  agents  designed  for 
release  from  aircraft. 

5.  Pyrotechnics 

Pyrotechnics  consist  of  containers  filled  with 
low  explosive  compositions.  They  are  designed 
to  be  released  from  aircraft  or  projected  from 
the  ground.  They  are  used  for  illumination, 
signals  and  pbotoflash  bombs. 

6.  Rockets 

Rockets  are  propellant-type  motors  fitted  with 
rocket  heads  containing  high  explosives  or 
chemical  agents.  Rocket  motors  in  the  research 
and  development  phase  do  not  include  an  explosive 
warhead . 
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7 .  JATOS 

JAT08  are  auxiliary  rockets  that  can  be  attached 
to  a  vehicle  for  the  purpose  of  applying  thrust 
when  needed.  They  are  further  describee  as  com¬ 
plete,  self-contained  rocket  units  that  have  a 
definite  burning  time  and  a  fixed  thrust.  The 
word  JATO  has  been  adopted  as  the  basic  term  for 
jet  thrust  units  and  includes  boosters,  sus- 
tainers  and  aircraft  assist  take-off  devices. 

8.  Land  Mines 

Land  mines  are  containers,  metal  or  plastic, 
that  contain  high  explosive  or  chemical  s gents. 
They  are  designed  to  be  laid  in  or  on  the 
ground  and  are  initiated  by,  and  directed 
against,  enemy  vehicles  or  personnel. 

9.  Guided  Missiles 

Tactical  guided  missiles  consist  of  propellant- 
type  motors  fitted  with  warheads  containing  high 
explosives  or  other  active  agents  and  equipped 
with  electronic  guidance  devices.  Guidod  mis¬ 
siles  in  various  stages  of  research  and  develop¬ 
ment  do  not  contain  explosive  warheads  but  use 
high  explosives  in  ignition  and  safety-destruct 
units  only. 

10.  Demolition  Materials 

Demolition  materials  consist  of  explosives  and 
explosive  devices  designed  for  use  in  demolition 
and  for  blasting  in  military  construction. 

11.  Cartridge-Actuated  Devices 

Cart ridge- actuated  devices  are  devices  designed 
to  facilitate  the  emergency  escape  of  person¬ 
nel  from  high-speed  aircraft. 

B.  Chemical  Composition 

1.  Inorganic  Compounds 

Examples  of  inorganic  compounds  ere : 

a.  Lead  azide 

b.  Ammonium  nitrate. 

2.  Organic  Compounds 

Examples  of  organic  compounds  are: 
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a.  Nitric  esters,  e.g.  nitroglycerin  and  nitro¬ 
cellulose 

b.  Nitro-coapounds,  e.g.  TNT  and  picric  ac.a 
c«  Sit refines,  e  g.  ba1 site 

d.  Ni*’". --j-coapounds,  e.g.  tetracene 

&.  Metallic  derivatives,  e.g.  mere  ry  lulminate 
and  lead  styphnate. 

3.  Mixtures  of  Fuels  and  Oxidizers 

Mixtures  of  fuels  and  oxidizers  are  non¬ 
explosives  when  used  separately  but  become  ex¬ 
plosives  when  combined.  Black  powder  and  pyro¬ 
technic  compositions  are  examples  of  this  class. 

Function 

1.  Low  Explosives  That  Undergo  Auto-Combustion 

Examples  of  this  class  are  black  powder,  pyro¬ 
technic  compositions  and  colloided  nitrocellulose. 

2.  High  Explosives  That  Undergo  Detonation 
Examples  of  this  class  are  as  follows: 

a.  Initiating  agents  that  can  be  detonated  by 

friction  or  impact  and  can  initiate 
the  detonation  of  relatively  insensitive 
explosives.  Examples  are  lead  azide  and 
mercury  fulminate. 

b.  Non-initiating  explosives  that  must  be  deto¬ 
nated  by  an  initiating  agent.  These  sre  des¬ 
cribed  as  follows: 

(1)  Booster  explosives 

Examples  of  booster  explosives  are  tetryl 
and  ’’BTH  which  are  easily  initiated  and 
detonate  at  high  rates.  These  explosives 
are  not  suitable  for  loading  in  mass 
charges. 

(2)  Bursting  charge  explosives 

Examples  of  this  group  include  TNT  and 
Explo3ive  D.  These  explosives  are 
usually  initiated  by  means  of  a  booster 
explosive.  They  can  be  loaded  in  mass 

charges . 


(3) 


Explosives  that  are  either  too  sensitive 
or  too  insensitive  to  be  used  alone. 

These  explosives  can  only  be  used  as  in¬ 
gredients  of  mixtures.  An  example  of  the 
too  sensitive  type  is  nitroglycerin.  An 
example  of  the  too  Insensitive  type  is 
ammonium  nitrate. 

By  utilizing  the  special  characteristics  of  the 
explosives  in  these  classes,  it  is  practical  to 
establish  the  "explosive  train."  An  example  of  an 
explosive  train  is  the  initiation  of  a  priming  compo¬ 
sition  by  electrical  or  mechanical  means  which,  in 
turn,  detonates  a  charge  of  lead  azide.  This  initiates 
the  detonation  of  a  booster  charge  of  tetryl  which,  in 
turn,  effects  the  detonation  of  a  surrounding  bursting 
charge  of  TNT. 

D.  Storage 

Explosives  and  ammunition  are  classified  for  storage 
purposes  into  quantity- distance  classes  1  to  12  inclusive 
(see  "Air  Force  and  Army  Quantity- Distance  Classification 
of  Explosives  and  Ammunition,"  pages  1-6  thru  1-25  and 
Table  1-1,  "General  Classification  of  Explosives  and  Ammu¬ 
nition  with  Fire  Symbols  Included,"  pages  1-26  thru  1-32). 

E.  Storage  Compatibility 

Explosives  and  ammunition  are  classified  for  storage 
into  seventeen  (17)  groups  which  are  lettered  A  thru 
Q  (see  "Air  Force  and  Army  Group  Summary  of  Storage 
Compatibility  for  Explosives  and  Ammunition,"  pages 
1-33  thru  1-40) .  These  groups  should  not  be  confused 
with  the  hazard  classification  established  for  quantity- 
distance  requirements.  Where  two  (2)  or  more  quantity- 
distance  classes  of  explosives  and  ammunition  are  stored 
together  in  a  magazine,  the  quantity-distance  require¬ 
ments  will  apply  for  the  most  hazardous  material  stored 
therein. 

F.  Interstate  Commerce  Commission  Shipping  Regulations 

Explosives  and  ammunition  are  classified  by  Freight 
Tariff  No.  9,  which  publishes  ICC  shipping  regulations, 
into  Class  A,  Class  B  and  Class  C  explosives  (see  Table 
1-2,  "Loading  and  Storage  Chart  of  Explosives  and  Other 
Dangerous  Articles,"  pages  1-41  thru  1-43). 

G.  Burning  or  Explosive  Characteristics 

Explosives  and  ammunition  are  classified  into  four 
(4)  groups  according  to  their  general  burning  or  ex¬ 
plosive  characteristics.  These  groups  are  identified 
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by  "symbols,”  which  are  the  Arabic  numerals  1,  2, 

3  and  4.  Each  group  consists  of  one  or  more 
specific  quantify- distance  classes  (see  pages  1-83 
thru  1-86,  "Description  of  Fire-Hazard  Symbols"  in 
the  subsection  entitled  "Storage  of  Explosives  and 
Ammunition") . 

H.  Security 

In  accordance  with  Security  Regulations  explosives 
and  ammunition  are  classified  as  follows: 


1.  Unclassified 

2.  Confidential 

3 .  Secret 

4.  Top  Secret. 


AIR  FORCE  AND  ARMY  QUANTITY- DISTANCE 

CLASSIFICATION  OF 

EXPLOSIVES  AND  AMMUNITION 

(Classes  1  through  12  applicable 
Quant it y-Distance  Tables) 


AIR  FORCE  AND  ARMY  QUANTITY-DISTANCE  CLASSIFICATION  OF 
EXPLOSIVES  AND  AMMUNITION 


' 

Class  1  Quantity-Distance  Items 

l  The  items  in  this  class  are  primarily  fire  hazards  and  no 

!  quantity-distances  are  assessed  for  storage.  The  following 

i  items  are  included  in  class  1: 

1. 

Aluminum  powder  (packed  and  stored  in  original 
shipping  containers  or  equivalent). 

2. 

Ammunition,  caliber  20-mm  or  less,  except  HE,  HE-I 
and  20-mm  incendiary  rounds. 

3. 

Cartridge-actuated  devices. 

4. 

Charge,  spotting,  A.  P. ,  practice,  M8. 

5. 

i 

Chlorates  (packed  and  stored  in  original  shipping 
containers  or  equivalent) . 

'  \  £ 

6* 

i 

i 

Corporal,  actuator,  assembly  propellant  valve, 
quick  release. 

!  7 

1  1  - 

Cutter,  reefing  line. 

8. 

Firing  devices. 

1  9. 

Fuse  lighters. 

10. 

Fuse,  safety. 

11. 

Ignition  cartridges  for  mortar  ammunition. 

12. 

Magnesium  powder  (packed  and  stored  in  original 
shipping  containers  or  equivalent) . 

13. 

Nitrates  (inorganic,  packed  and  stored  in  original 
shipping  containers  or  equivalent) . 

14. 

Perchlorates  (packed  and  stored  in  original  shipping 
containers  or  equivalent). 

15. 

Peroxides  (except  high  strength  hydrogen  peroxide) , 
packed  and  stored  in  original  shipping  containers 
or  equivalent. 

16. 

Squibs,  commercial. 

. 

i 

i 

1 
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17.  Thermite. 


18.  Zirconium  (size  of  particles  20  mesh,  U.  S.  standard 
sieve,  or  greater)  packed  and  stored  in  original 
shipping  containers  or  equivalent. 


Class  2  Quantity-Distance  Items 


These  materials  may  become  unsafe  under  extreme  conditions  of 
moisture,  high  temperature  or  age.  They  burn  with  intense 
heat  but  usually  do  not  form  dangerous  projectiles  or  generate 
pressures  which  will  cr.use  serious  structural  damage  to  adja¬ 
cent  magazines.  Table  1  shows  quantity-distance  relationships 
of  class  2  items,  which  consist  of  the  following: 


1.  Chemical  ammunition,  groups  C  and  D  when  not 
assembled  with  explosive  components. 

2.  Ball,  cellulose,  nitrate,  powder-filled. 

3.  Grenade,  illuminating. 

4.  Military  pyrotechnics  (exclusive  of  classes  4  and  9 
items) . 

a.  Flares. 

b.  Illuminants. 

c.  Incendiary  ammunition  including  projectiles, 
bombs,  grenades  and  exclusive  of  HE-I  rounds. 

d.  Igniters  and  tracer  units  (for  ammunition). 

e.  Signals  including  signal  lights,  smoxe  signals 
and  obscuring  smoke. 

NOTE:  When  the  items  listed  in  "a"  through 
"e"  above  are  packed  and  ready  for 
shipment,  they  may  be  stored  at  one- 
half  (1/2)  the  applicable  class  2 
quantity-distance  requirements. 

5.  Projectiles,  illuminating,  when  not  assembled  with 
explosive  components. 

6.  Propellant,  solid.  Single-base,  multiperforated, 
having  a  web  thickness  greater  than  0.019  inch. 
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7.  Pvrotechnic  materials  (exclusive  of  classes  9  and 
10  items)  and  when  not  packed  or  stored  in  origi¬ 
nal  shipping  containers  or  equivalent,  such  as: 

a.  Powdered  metals. 

b.  Chlorates. 

c.  Perchlorates. 

d .  Peroxides , 

e.  Illuminating,  flare  or  signal  compositions  which 
have  been  consolidated  in  the  final  press  opera¬ 
tions. 


NOTE:  These  compositions  may  be  stored  at  one- 

half  (1/2)  the  applicable  class  2  quantity- 
distance. 


f.  Tharmate  and  other  similar  incendiary  compo¬ 
sitions. 


8.  Rocket  heads  WP  loaded,  when  not  assembled  with  ex¬ 
plosive  components. 

9.  Spotting  charges  (cartridges  for  miniature  practice 
bombs) • 

10.  Bomb,  photoflash,  M122.  W/0  burster  (this  item  with 
burster  is  in  class  10) . 
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TABLE  I  -  CLASS  2  QUANTITY-DISTANCE 


Quantity  (lb) 

Minimum  distance  in 

feet  from  nearest 

Over 

Not  Over 

Inhabited 

Building 

Public 

Railway 

Public 

Highway 

Magazine 

and 

Intraline 

Items  In  Approved  Storage  Containers  And/Or  Cartridge  Cases 

75 

75 

75 

50 

1,000 

115 

115 

115 

75 

5,000 

150 

150 

150 

100 

10,000 

190 

190 

190 

125 

20,000 

mlmX. 

215 

215 

215 

145 

30,000 

40,000 

235 

235 

235 

155 

40,000 

50,000 

250 

250 

250 

165 

50,000 

60,000 

260 

260 

260 

175 

60,000 

70,000 

270 

270 

270 

185 

70,000 

80,000 

280 

280 

280 

190 

80,000 

90,000 

295 

295 

295 

195 

90,000 

100,000 

300 

300 

300 

200 

100,000 

200,000 

200,000 

375 

375 

375 

250 

300,000 

450 

450 

450 

300 

300,000 

400,000 

525 

525 

525 

350 

400,000 

500,000* 

600 

600 

600 

400 

Solid  Propellant 

in  Bulk  (not  in  containers) 

100 

100 

100 

100 

50 

1,000 

Be  i  m 

150 

150 

150 

75 

5,000 

200 

200 

200 

100 

10,000 

250 

250 

250 

125 

20,000 

285 

285 

285 

145 

30,000 

40,000 

310 

310 

310 

155 

40,000 

50,000 

330 

330 

330 

165 

50,000 

60,000 

345 

345 

345 

175 

60,000 

70,000 

360 

360 

360 

185 

70,000 

80,000 

375 

375 

375 

190 

80,000 

90,000 

390 

390 

390 

195 

90,000 

100,000 

400 

400 

400 

200 

100,000 

200,000 

500 

500 

500 

250 

200,000 

300,000* 

600 

600 

600 

300 

*  Maximum  quantity  permitted  at  any  one  location. 
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Class  2A  Quantity-Distance  Items 


These  materials  are  similar  to  class  2  except  that  they  are 
potential  explosion  hazards  whereas  class  2  items  are  only 
potential  fire  hazards  under  ordinary  conditions.  The  pro¬ 
pellants  listed  are  considered  class  2A  when  stored  in  metal- 
lined  wooden  boxes;  class  9  when  stored  in  all-metal  boxes. 
Table  II  shows  quantity-distance  relationships  of  class  2A 
items,  which  consist  of  the  following: 


1.  Any  double-base  propellants  containing  not  more 
than  twenty  (20)  per  cent  nitroglycerin  and  having 
a  web  thickness  of  0.0075  inch  or  greater. 

2.  Multiperforated  cannon  and  rifle  propellant  having 
a  web  thickness  of  not  greater  than  0.019  inch. 

3.  Single-base  (FNH  and  NH  compositions),  single  per¬ 
forated  cannon  propellant,  having  a  web  thickness 
not  greater  than  0.035  inch. 

4.  Single-base,  single  perforated  rifle  propellant. 

5.  Single-base  pistol,  shotgun  and  similar  low  pressure 
propellants. 

6.  1115  and  M17  nitroguanadine  propellants. 
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TABLE  II  -  CLASS  2A  QUANTITY -DISTANCE 


Quantity 
of  explosive 

Unbarricaded  distance  in 
from  nearest 

feet 

Pounds 

(over) 

Pounds 
(not  over) 

Inhabited 

Building 

Public 

Highway 

Public 

Railway 

Magazine 

(intraline 

distance) 

50 

250 

50 

50 

50 

35 

250 

500 

75 

75 

75 

50 

500 

2,500 

115 

115 

115 

75 

2,500 

5,000 

150 

150 

150 

100 

5,000 

10,000 

190 

190 

190 

125 

10,000 

15,000 

215 

215 

315 

145 

15,000 

20,000 

235 

235 

235 

155 

20,000 

25,000 

250 

250 

250 

165 

25 , 000 

30,000 

260 

260 

260 

175 

30,000 

35,000 

270 

270 

270 

185 

35,000 

40,000 

280 

280 

280 

190 

40,000 

45,000 

295 

295 

295 

195 

45,000 

50,000 

300 

300 

300 

200 

50,000 

100,000 

375 

375 

375 

250 

100,000 

150,000 

450 

450 

450 

300 

150,000 

200,000 

525 

525 

525 

350 

200,000 

250, 0001 

600 

600 

600 

400 

250,000 

300,000 

675 

675 

675 

450 

300,000 

350,000 

750 

750 

750 

500 

350,000 

400,000 

825 

825 

825 

550 

400,000 

450,000 

900 

900 

900 

600 

450,000 

500, 0002 

975 

975 

975 

650 

1.  Maximum  quantity  permitted  in  a  single  aboveground  maga¬ 
zine  or  operating  building.  Distances  in  columns  3  through 
6  apply  to  unbarricaded  magazines.  If  the  magazines  or  op¬ 
erating  buildings  are  barricaded,  the  quantity  of  powder  may 
be  limited  in  accordance  with  the  unbarricaded  class  2  dis¬ 
tances  but  the  maximum  quantity  shall  not  exceed  250,000 
pounds,  except  as  provided  in  paragraph  19a  of  T.O.  11A-1-37. 

Distances  in  column  6  are  applicable  between  all  operating 
buildings  and/or  service  magazines  in  a  single  line  or  area 
within  the  plant  boundary  and  are  applicable  between  maga¬ 
zines  in  storage  areas. 

Distances  shown  in  column  3  are  applicable  between  separate 
operating  lines  or  areas  except  as  provided  in  paragraph  21f 
of  T.O.  11A-1-37. 

2.  Maximum  quantity  permitted  in  an  igloo  or  corbetta-type 
magazine . 
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Class  3  Quantity-Distance  Items 


Materials  in  this  class  if  accidentally  initiated  explode  pro¬ 
gressively,  not  more  than  a  box  or  two  at  a  time.  Pressures 
which  will  cause  structural  damage  to  adjacent  magazines  usu¬ 
ally  are  not  generated.  Missiles  are  small  and  light  and  usu¬ 
ally  fall  within  100  yards.  Table  III  shows  quantity-dis¬ 
tance  relationships  of  class  3  items,  which  consist  of  the 
following : 

1.  Cartridges  for  cartridge-actuated  devices  for  air¬ 
craft  use,  when  stored  separately. 

2.  Charge,  igniter,  assembly,  for  fuze  M10  and  M10A1. 

3.  Fuzes,  proximity,  packed  in  accordance  with  approved 
drawings.  These  items  are  in  class  6  when  not 
packed  in  accordance  with  approved  drawings. 

3.1  Fuses  with  boosters  fitted  thereto,  when  packed  in 
accordance  with  approved  drawings  and  which  as  a 
result  of  hazard  tests,  have  been  reclassified  as 
class  3.  The  following  fuzes  have  been  so  reclas¬ 
sified  for  storage  and  shipment: 

PD  PD  MTSQ  MT  TSQ 

M51-series  M508  M500-series  M43-series  M55-series 

M78-series  T177-series  M502-series  M61-series 

M81-series  M506  MG7-series 

M507  M518 

4.  Fuzes,  without  boosters  fitted  thereto. 

5.  Grenades,  practice,  with  spotting  charge. 

6.  Igniters  for  rockets  (e.g.,M12,  M18  and  M20) . 

7.  Igniters,  JATO,  electric.  (Except  those  types 
listed  as  class  1C) . 

8.  Mines,  practice,  with  spotting  charge  and/or  fuze. 

9.  Primers,  artillery  and  cannon. 

10.  Primer  detonators. 


TABLE  I! I  -  CUSS  3  QUANTITY-DISTANCE 


Quantity 

Distance  (feet) 

Pounds  of  explosive 
(not  over) 

Inhabited 

Building 

Public 

Railway 

Public 

Highway 

Magazine 

40,000 

400 

400 

400 

300 
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Class  4  Quantity-Distance  Items 


Materials  in  this  class  usually  explode  progressively,  .a  few 
boxes  at  a  time,  when  accidentally  initiated.  Many  explosions 
of  individual  rounds  would  be  of  low  order.  Items  in  this 
class  must  be  packed  in  accordance  with  approved  ordnance 
drawings  and  specifications.  Table  IV  shows  quantity-distance 
relationships  of  class  4  items,  which  consist  of  the  follow¬ 
ing: 

1.  Ammunition,  blank  and  saluting,  cannon. 

2.  Ammunition,  caliber  20-mm  or  less  HE  and  HE-I  and 
20-mm  incendiary  rounds. 

3.  Ammunition,  fixed  and  semifixed,  inert  projectiles 
and  those  loaded  with  Ammonal,  Amatol,  Composition 
B,  Explosive  D,  TNT  or  Baratol. 

4.  Bombs,  chemical  loaded,  with  explosive  burster. 

5.  Chemical  ammunition,  of  groups  A,  B,  C  and  0,  fixed 
and  semifixed  or  separate-loading  chemical  filled 
items  assembled  with  explosive  bursters. 

6.  Mines,  antipersonnel  (bounding  type). 

7.  Rocket,  chemical,  complete  round. 

8.  Rocket,  practice— inert  head. 

9.  Rocket  motors  (exclusive  of  heads). 

10.  Shell,  illuminating,  complete  round. 

11.  Shell,  light  mortar,  81-mm  and  less  (excluding  81-mm 
M56) . 

NOTE:  When  items  in  this  class  (except  chemical) 
are  not  packed  in  accordance  with  approved 
ordnance  drawings,  the  Class  10  Quantity- 
Distance  Table  will  be  used  to  compute  dis¬ 
tances. 

TABLE  IV  -  CLASS  4  QUANTITY- DISTANCE 


Quantity 

Distance  (feet) 

Pounds  of  explosive 
(not  over) 

Inhabited 

Building 

Public 

Railway 

Public 

Highway 

Magazine 

500,000 

1,200 

1,200 

1,200 

300 
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Class  5  Quantity-Distance  I tens 


Materials  in  this  class  if  accidentally  initiated  usually 
explode  one  shell  at  a  time,  and  in  nearly  all  cases,  with 
low  order.  The  projectiles  are  limited  as  to  number  and 
range  and  most  of  them  fall  within  400  yards.  Items  in¬ 
cluded  in  class  5  consist  of  separate-loading  shells  loaded 
with  Explosive  D  and  any  other1  Explosive  D  loaded  shell  not 
assembled  to  or  packed  with  cartridge  cases.  Table  V  shows 
quantity-distance  relationships  of  class  5  items. 


TABLE  y  -  CLASS  5  QUANTITY- DISTANCE 


Quantity 


Pounds  of  explosive 
(not  over) 


650, 


Distance  (feet) 


Public 

Highway 


1,200 


1,200 


1,200 
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Class  6  Quantity-Distance  Items 


Materials  in  this  class  if  accidentally  initiated  usually 
explode  progressively  by  stacks „  Missiles  are  light  and 
usually  fall  within  200  yards.  Table  VI  shows  quantity-dis¬ 
tance  relationship  of  class  6  items  which  consist  of  the 
following: 

1.  Adapter— boosters, 

2.  Boosters. 

3.  Fuzes,  chemically  actuated,  containing  ampoules 
which  may  initiate,  directly  or  indirectly,  explo¬ 
sives  and  explosive  loaded  components  which  are  as¬ 
sembled  in  the  conventional  manner  to  form  the 
finished  explosive  fuze. 

4.  Fuzes,  proximity,  not  packed  in  accordance  with  ap¬ 
proved  drawings.  When  these  items  are  packed  in 
accordance  with  approved  drawings  they  are  consid¬ 
ered  in  class  3. 

5.  Fuzes,  with  boosters  assembled  thereto.  For  ex¬ 
ceptions,  see  item  3.1  of  Quantity-Distance  Class  3. 

6.  Mines,  APERS,  NM,  M14,  with  integral  fuze. 

NOTE:  See  paragraph  21c (3)  of  ? .0.  11 A- 1-3 7  for 

special  requirements  in  the  st'  rage  of  items 
in  class  6, 


TABLE  VI  -  CLASS  6  QUANTITY- DISTANCE 


Quantity 

Distance  (feet) 

Pounds  of  explosive 
(not  over) 

Inhabi ted 
Bi-ild^ng 

Public 

Railway 

Public 

Highway 

Magazine 

100,000 

1,300 

900 

430 

300 

Class  7  Quantity-Distance  Items 


Materials  in  this  class  may  detonate  in  high  order  if  involved 
in  a  fire.  If  one  (1)  item  in  a  stack  is  detonated,  the  deto¬ 
nation  en  masse  of  the  entire  stack  may  also  be  expected. 
Structural  damage  may  be  severe  and  the  missile  hazard  may 
extend  to  1,800  feet  or  more.  An  initial  explosion  of  class  7 
items  can  be  confined  to  one  (1)  stack  if  ample  distances  are 
maintained  between  adjacent  stacks.  If  a  detonation  occurs 
in  one  (1)  stack,  adjacent  stacks  can  be  expected  to  be  dis¬ 
arranged  and  scattered.  Then,  should  a  second  detonation 
occur,  propagation  through  the  disarranged  stacks  could  be 
expected.  Items  included  in  class  7  consist  of  separate¬ 
loading  shell,  fuzed  or  unfuzed,  loaded  with  Ammonal,  Amatol, 
or  TNT,  (except  shell,  HE,  for  280-mm  gun).  Table  VII  shows 
quantity-distance  relationship  of  class  7  items. 

NOTE:  See  paragraph  21c(3)  of  T. O.  11A-1-3?  for  special 
requirements  when  storing  class  7  items. 


TABLE  VII  -  CLASS  7  QUANTITY-DISTANCE 


Quantity 

Distance  (feet) 

Pounds  of  explosive 
(not  over) 

Inhabited 

Building 

Public 

Railway 

Public 

Highway 

Magazine 

500,000 

1,800 

1,800 

1,800 

300 
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Class  8  Quantity-Distance  Items 


Materials  in  this  class  are  expected  to  detonate  en  masse  if 
involved  in  a  fire.  Principal  damage  is  usually  due  to  blast 
or  shock  effect  as  the  missiles  are  light  and  limited  in 
range.  Table  VIII  shows  quantity-distance  relationships  of 
class  8  items,  which  consist  of  the  following  items  when 
packed  in  accordance  with  approved  ordnance  drawings  and 
specifications: 

1.  Blasting  caps. 

2.  Detonators. 

3.  Percussion  elements. 

4.  Primers,  electric. 


TABLE  VIII  -  CLASS  8  QUANTITY- DISTANCE 


Quantity  of  explosives 

Unbarricaded 

distance  in  feet* 

Pounds 

Pounds 

Inhabited 

Building 

Public 

Railway 

Public 

Highway 

Magazine 

(over) 

(not  over) 

Distance 

Distance 

Distance 

Distance 

500 

1,000 

720 

430 

mm 

180 

1,000 

1,500 

860 

520 

2,000 

980 

590 

hR 

2,000 

5,000 

1,200 

720 

360 

300 

5,000 

1,500 

900 

450 

300 

10,000 

15,000 

1,610 

970 

490 

300 

15,000 

20,000 

1,740 

1,040 

520 

300 

*  These  distances  may  be  halved  when  requirements  of  paragraph 
18  of  T.O.  11A-1-37  are  complied  with. 


NOTE:  For  quantities  less  than  500  pounds  of  explo¬ 
sives,  the  class  10  table  distance  shall  be 
applied. 
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Class  9  Quantity-Distance  Items 


If  involved  in  a  fire,  black  powder  burns  with  explosive 
rapidity.  High  explosives  and  class  9  solid  propellants  may 
burn  or  explode,  depending  upon  the  material,  quantity  and 
degree  of  confinement.  Table  IX  shows  quantity-distance 
relationships  of  class  9  items,  which  consist  of  the  fol¬ 
lowing  : 

1.  Black  powder,  in  charges  or  containers. 

2.  Charges,  supplementary  (HE). 

3.  Composition  A,  A-2  and  A-3. 

4.  Composition  B. 

5.  Composition  C,  C-2  and  C-3. 

6.  Cyclotol. 

7.  Dynamite. 

8 .  EC  powder . 

9.  Explosive  D. 

10.  Explosives,  cratering. 

11.  Flash  reducers  (black  powder  with  potassium  sulfate). 

12.  Lead  azide. 

13.  Lead  styphnate. 

14.  Mercury  fulminate. 

15.  Minol. 

16.  Nitroglycerin. 

17.  Nitroguanadine. 

18.  Nitrostarch. 

19.  Pentollte. 

20.  PETN. 

21.  Photoflash  powder. 

22.  Picric  acid. 

23.  Propellants,  solid  (class  9). 
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a.  Double-base  with  web  thickness  of  less  than 
0.0075  inch  regardless  of  nitroglycerin  con¬ 
tent  . 

b.  Double-base  containing  more  than  twenty  (20) 
per  cent  nitroglycerin. 

c.  px*opellants  for  JATOS  and  rockets. 

24.  Pyrotechnic  materials 

a.  In  addition  to  individual  class  9  items,  such 
as  items  (1),  (11)  and  (21)  above  and  (28) 
below,  pyrotechnic  materials  include  illumi¬ 
nating,  photoflash,  flare,  signal,  tracer,  ig¬ 
niter  or  explosive  incendiary  and  first  fire 
compositions  up  to  and  including  final  pressing 
or  consolidating  operations  and  including  un¬ 
assembled  pelleted  material  and  rejected  com¬ 
position  held  for  reworking. 

b.  Flashlight  powder. 

c.  Quickmatch. 

25.  RDX. 

26.  TNT. 

27.  Tetryl. 

28.  Zirconium  powder  (particle  sizes  less  than  twenty 

(20)  mesh,  U.S.  standard  sieve). 
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Class  10  Quantity-Distance  Item 


If  involved  in  a  fire,  class  10  ammunition  may  be  expected  to 
detonate  in  high  order  and  all  the  ammunition  in  one  (1)  maga¬ 
zine  may  detonate  en  masse  simultaneously.  Table  IX  shows 
quantity-distance  relationships  of  class  10  items,  which  con¬ 
sist  of  the  following: 

1.  Ammunition,  fixed  and  semifixed,  loaded  with  high 
explosives  other  than  Ammonal,  Amatol,  Composition 
B,  Explosive  D,  TNT  or  Baratol. 

2.  Ammunition,  separate  loading,  loaded  with  high  ex¬ 
plosives  other  than  Ammonal,  Amatol,  TNT,  Explosive 
D  or  Baratol. 

3.  Bangalore  torpedoes. 

4.  Bombs,  demolition. 

5.  Bombs,  fragmentation.  Class  10  distances  are  ob¬ 
served,  however,  no  distance  shall  be  less  than 
that  required  for  class  4  ammunition. 

6.  Bombs,  photoflash,  w/burster  (bomb,  photoflash,  MI22, 
w/o  burster,  is  in  class  2). 

7.  Boosters,  auxiliary. 

8.  Bursters. 

9.  Cartridge,  photoflash. 

10.  Charge,  springing,  earth  rod,  blast  driven. 

11.  Demolition  blocks. 

12.  Demolition  charges,  snake. 

13.  Destructor,  HE,  U10. 

14.  Firecracker,  M80. 

15.  Grenades,  fragmentation. 

16.  GrenadeB,  hand  offensive. 

17.  Grenades,  rifle,  AT. 

18.  Igniters,  JATO,  electric  (such  as  M29) . 

19.  JATOS,  complete  rounds. 

20.  Mines,  antipersonnel  (cast  iron  block). 
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21. 

Mines,  HEAT. 

22. 

Rocket  heads,  HE  loaded. 

23. 

Rocket,  HE,  complete  rounds. 

24. 

Shaped  charges  (Engineers) . 

25. 

Shell,  HE,  for  280-mm  gun. 

26. 

Shell,  HE,  heavy  mortar,  over  81~mm 
81 -mm  M56) . 

(including 

27. 

Class  4  items  (except  chemical)  not 
cordance  with  ordnance  drawings. 

packed  in  ac- 

28. 

Classes  6  and  7  items  not  stacked  in 
ordnance  drawings. 

i  accordance  with 
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CLASSES  9  AND  10  QUANTITY-DISTANCE 


■ 

1 
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TABLE  IX  -  CLASSES  9  AND  10  QUANTITY-DISTANCE  (Continued) 
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Class  11  Quantity-Distance  Items 


No  quantity-distance  tables  are  established  for  class  11 
items,  inasmuch  as  the  items  assigned  to  class  11  are  not 
considered  explosive  hazards.  The  following  items  are  in¬ 
cluded  in  class  11: 

1.  Chemical  ammunition,  groups  A  and  B,  when  not  as¬ 
sembled  with  explosive  components. 

2.  Rocket  heads,  chemically  loaded,  except  groups  C 
and  D,  when  not  assembled  with  explosive  com¬ 
ponents  . 


Class  12  Quantity-Distance  Items 


The  items  included  in  class  12  are  considered  relatively  in¬ 
sensitive  and  can  normally  be  detonated  only  by  very  strong 
initiation.  The  applicable  quantity-distance  tables  to  be 
used  in  the  handling  and  storage  of  the  items  in  class  12 
shall  be  governed  by  the  actual  physical  location  selected 
for  the  items  with  respect  to  adjacent  detonation  or  fire 
hazard  materials.  (See  requirements  listed  in  par.  21C(3) 
(c)  or  T.O.  11A-1-37) .  The  following  items  are  included  in 
class  12: 


1.  Ammonium  nitrate. 

2.  DNT. 

3.  Nitrocellulose,  wet,  containing  from  8  to  30  per 
cent  water. 

4.  Detonating  cord. 
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TABLE  1-1 

GENERAL  CLASSIFICATION  OF  EXPLOSIVES  AND  AMMUNITION 

ITEMS  WITH  FIRE  SYMBOLS  INCLUDED 
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TABLE  1-1  GENERAL  CLASSIFICATION  OF  EXPLOSIVES  AND  AMMUNITION  ITEMS  WITH  FIRE 

SYMBOLS  INCLUDED 
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TABLE  1-1  GENERAL  CLASSIFICATION  OF  EXPLOSIVES  AND  AMMUNITION  ITEMS  WITH  FIRE 

SYMBOLS  INCLUDED  (Continued) 
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Safety  B,E  and  N 


TABLE  1-1  GENERAL  CLASSIFICATION  OF  EXPLOSIVES  AND  AMMUNITION  ITEMS  WITH  FIRE 

SYMBOLS  INCLUDED  (Continued) 
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AIR  FORCE  AND  ARMY  GROUP  SUMMARY  OF  STORAGE  COMPATIBILITY 


FOR  EXPLOSIVES  AND  AMMUNITION  1 


GROUP  A — Separate  Storage  2 


Ammunition,  pentolite  loaded  [except  pentolite-loaded  rifle 
grenades  (other  than  the  grenades  listed  below)  and  rock¬ 
ets]  . 

Chemical  ammunition,  group  A  chemical  agents. 

Chemical  ammunition,  group  B  chemical  agents. 

Chemical  ammunition,  group  C  chemical  agents. 

Chemical  ammunition,.  group  D  chemical  agents. 

Dynamite. 

Fuzes,  chemically  actuated  (see  exceptions  in  Table  1-1, 
"General  Classification  of  Explosives  and  Ammunition  Items 
With  Fire  Symbols  Included") . 

Grenades,  rifle,  AT,  pentolite  loaded. 

Photoflash  powder. 

Pyrotechnic  materials  except  items  in  groups  C  and  K  in  this 
Table  (see  par.  22a  and  Tables  III  and  XI  of  T.O.  11A-1-37). 

Shell,  separate,  fuzed  or  unfuzed,  all  calibers,  loaded  with 
Explosive  D. 

Shell,  separate,  fuzed  or  unfuzed,  all  calibers,  loaded  with 
any  HE  other  than  Explosive  D. 


1  Explosives  and  ammunition  are  divided  into  seventeen  (17) 
storage  compatibility  groupings  based  on:  (a)  the  effects  of 
the  explosion  of  the  item,  (b)  the  rate  of  deterioration, 

(c)  the  sensitivity  to  initiation,  (d)  the  type  of  packing, 
(e)  the  effects  of  fire  involving  the  item  and  (f)  the  quan¬ 
tity  of  explosive  per  unit. 

2  Items  of  this  group  must  be  stored  alone. 
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GROUP  B3 


Adapter-boosters. 

Ammunition,  caliber  20-mm  or  less,  except  HE  and/or  HE-I 
rounds  and  20-mm  incendiary  rounds. 

Boosters. 

Boosters,  auxiliary. 

Bursters. 

Cartridges,  CAD. 

Cartridge-actuated  devices. 

Charge,  igniter,  assembly,  for  fuze,  M10  and  M10A1. 

Charge,  spotting,  AP,  practice,  M8. 

Charges,  supplementary. 

Corporal,  actuator,  assembly  propellant  valve,  quick  release. 
Destructor,  HE,  1110. 

Firing  devices. 

Fuse  lighters. 

Fuse,  safety. 

Fuzes,  with  booster,  except  chemically  actuated  (see  Table 
1-1,  for  inclusion  of  certain  types  of  chemically  actuated 
fuzes) . 

Fuzes,  without  booster,  except  chemically  actuated. 

Ignition  cartridges  for  mortar  ammunition. 

Igniters  for  rockets  (M12,  H18,  M20,  etc.). 

Igniters  (electric)  for  JATOS  (class  3). 

Mines ,  APERS,  Nil,  1114 . 

Primers,  cannon  and  artillery. 

Primer-detonators . 

Squibs,  commercial. 

3  Items  in  Groups  B  through  Q  may  be  stored  with  other  items 
within  the  individual  group  in  any  combination. 
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GROUP  C 


Aluminum  powder. 

Magnesium  powder. 

Zirconium  powder  (class  1) . 

GROUP  D 

Ammonium  nitrate. 

DNT . 

GROUP  E 

Ammunition,  blank  and  saluting,  cannon. 

Ammunition,  caliber  20- mm  or  less. 

Ammunition,  fixed  and  semifixed,  except  chemical  and  pento- 
llte  loaded  ammunition. 

Firing  devices. 

Fuse  lighters. 

Fuse,  safety. 

Grenades,  hand  fragmentation  and  practice  with  spotting 
charge. 

Ignition  cartridges  for  mortar  ammunition. 

Mines,  AP  (bounding  type). 

Mines,  practice,  with  fuze  and/or  spotting  charge. 
Projectiles,  illuminating. 

Shell,  illuminating,  complete  round. 

Shell,  light  mortar,  81 -set  or  less  (excluding  81 -mm  M56) , 
except  chemical  loaded. 

Squibs,  commercial. 
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GROUP  F 


JATOS,  complete  rounds* 

Rockets,  HE,  complete  rounds. 
Rockets,  practice. 

Rocket  motors. 

Rocket  heads,  HE  (without  motor). 

GROUP  G 


Bangalore  torpedoes. 

Bombs,  demolition. 

Bombs,  fragmentation. 

Rocket  heads,  HE  (without  motor,  except  pentolite  loaded) • 
Hines,  AP  (cast  iron  bloek). 

Grenades,  fragmentation. 

Grenades,  rifle,  AT  (except  pentolite  loaded). 

Shell,  heavy  mortar,  over  81 -am  (Including  81-mra  K56) ,  except 
chemical  loaded. 

Snake,  deeaolitiou. 

Snake,  mine  clearing. 


GROUP  H 


Hines,  HE,  AT  (to  be  combined  with  group  G  upon  completion 
of  replacement  of  chemically  actuated  fuses  of  the  M60C 
type) . 


GROUP  I 


CBS  (experimental  propellant  -  85%  RUX  and  15%  desensitizer). 
Charge,  springing,  earth  rod. 

Composition  A,  A-2  and  A -3 . 
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Composition  B> 

Composition  C,  C-2  and  C-3. 

Cyclotol  (not  to  exceed  max.  85  per  cent  RDX) . 
Demolition  blocks. 

Explosives,  cratering. 

Explosive  D. 

Grenades,  hand  offensive. 

Minol. 

Nitrogu&aadxne . 

Nit rost arch. 

Peatolite. 

Picric  acid. 

Primacord, 

Shaped  charges. 

TNT. 

Supplementary  charges. 


GROUP  J 

Charges,  propelling, 

EC  powder  in  bulk. 

Propellants,  solid  (class  2). 
Propellants,  solid  (class  2A). 
Propellants,  solid  (class  S) . 

GROUP  K 


Chlorates - 

Nitrates  (inorganic). 
Perchlorates. 
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Peroxides*  solid. 


GROUP  L 

Cyclouite  (RDX). 

Tetryl. 

GROUP  M 

Lead  azide,  wet. 
uead  styphnate,  wet. 

Mercury  fulminate,  wet. 

PETN,  wet. 

Zirconium  powder,  wet. 

RDX  (wet). 

Nitrocellulose  (wet) . 

GROUP  N 

Ammunition,  caliber  20-am,  or  less,  except  HE  rad/cr  HE- I 
and  20- ram  incendiary  rounds. 

3a.il,  cellulose  nitrate,  powder-filled. 

Charge,  spotting,  AP,  practice,  MS. 

Corporal,  actuator,  assembly  propellant  valve,  quick  release. 

Firing  devices. 

Fuse  lighters. 

Fuse,  safety. 

Grenades,  illuminating. 

Ignition  cartridges  for  mortar  ammunition. 

Military  pyrotechnics  except  items  in  this  classification 
listed  separately  in  Groups  A  and  M  of  this  Table. 

Projectiles,  illuminating,  without  propellant. 
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Simulators  MHO,  Ml  17,  M118  and  M119. 

Spotting  charges  (cartridge  for  miniature  practice  bombs). 
Squibs,  commercial. 

GROUP  0 

Black  powder  in  charges  or  containers. 

Black  powder  spotting  charges. 

Flash  reducers  (black  powder  with  potassium  sulfate). 
Igniters  (electric)  for  JATOS  (class  10) . 

GROUP  P 

Blasting  caps. 

Detonators. 

Percussion  elements. 

Primers,  electric. 

GROUP  Q 

Firecracker  M80. 

Photoflash  bomb. 

Photoflash  cartridges. 

Simulators,  M11S  and  M116. 
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TABLE  1-2 

LOADING  AND  STORAGE  CHART  OF 
EXPLOSIVES 

AND  OTHER  DANGEROUS  ARTICLES 


1-41 


CLASS  A  IXPL08XVZS 


Low  etplotive*  <.t  Mack  p>>»dcr 


High  Mploairee  or  propellant  explo- 
um.  claaa  A. 


Initiating  or  priming  cxpl<»<iv*e. 
» el:  Diaxudiftitrophcniil.  fulnai- 
ante  of  meMiry.  guan>I  nitnv 
•ammo  guanyl'dcus  hjdrjume, 
lead  axittr.  load  •lyphnatr  nitro 
manrulr.  mtr*  *<uaoid»ne  pent*- 
•ry tlirit*  tetrnmtratc.  tetraio nr 


Blasting  cape,  w iih  or  without  riVtv 
fuse  (including  elcctnr  Muting 
eap*\  detonating  primer* 


Ammunition  for  mnaoa  with  *i  plo¬ 
sive  proiactilw*.  gas  projectile*. 
*a*»k*  project. Ira.  incendiary  pro 
je^tike.  illuminating  projectile*  or 
ahefi.  ammunition  f**r  «msll  arm* 
with  npi<wi\r  i  ullrt*  or  anumi- 
oiiX’Q  for  email  arm*  with  eiplo- 
•»v*  proj*riu«-«  or  ticket  ammu¬ 
nition  with  ripioatrv  project  i]*w. 
gw*  projectile#  »mok»  project i!rO. 
nrviidmry  M'ijrrtilH,  illunuuU- 
lag  project  ilr«;  and  huueUra  tel 
phwire).  burster*  (#tp|c«t  •.  r).  -.*r 
•upi*4cmcnUry  charge*  fciph*- 
tivw-  without  detonator*.  d 


ivr  j-'.-jr*  f.'e*  »«tf 

I*  »|  ••*,  or  mm**#.  M?tv  .  r  i  -.n-i  rr» 

IkJtiir*  «it»  •.  •  ih ?«.,■!  ';:.,ti 

Oat*”,  nj'l-wve,  rj\**  A,  tg 
rijlW-*.  |ft  thru*!  (]**•'■•  cfph*Hvr, 
cl»*#  \  t 


DcVoaling  I  ware,  rlaaa  A.  with  or 
witho.it  rail. 'Wj'»  .••mpnaenta 


CLASJ  S  s  xru>9fvzs 


titim'iioti-  r  f«.i 
iii"  i  Wj*>h  -1 
•  •lll'Mil  p‘ 
e<unitw.-u 
iiwvdoad  *  ■ 


i*r  pr4Uat  *»,>!■*•»  vn*  ri^aa  f!.  j*t 
thrust  unit*  Oat**'  rl  \t»  »V  igniteee. 

K I  Ihnai  f.aln).  rl*«#  /».■  t  »t«Jtw 
eaMndy**  /»4  ee* 1 .  >l»w  It  1 


or  railway 


*  \7\  7|7|  *| . . j.']. . P~1  J  I  I  | 

*  This  Chart  was  taken  Iron  the  Aneric&n  Trucking  Association’s 
"Dangerous  Articles  Tariff  No.  10" 

See  footnotes  at  end  of  Table 


I 
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TABLE  1-2  -  LOADING  AND  STORAGE  CHART  OF  EXPLOSIVES 


AND  OTHER  DANGEROUS  ARTICLES  (Continued) 


1  He  following  t«bU**hu»‘>  ll.»* 
eivt*s  nn«i  u*h-vr  daugcfuU?  ji  lc> 
which  must  hoi  be  Loaded  or  stored 
together. 

The  letter  X  el  no  interaction  of 
horigomnl  end  rerttcsj  columns 
shows  that  these  erUcle*  rii'-Ut  not 
be  Urndvd  or  «tored  kgetber,  for 
•sample  Det-oatiof  fusee,  rises 
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oump*xoenis  g  horisoatnl  column 
net  not  lw  loaded  or  stored  with 
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plosives,  dees  A,  b  vertical  eol 


GLAM  0  EXPLOSIVE! 
Hmell  arms  ammunition 


Primers  for  or  small  arms, 

empty  cnrtudgv  bogs black  pu» 
tier  if  niters,  empty  a*r  Lndgw  ea»ei. 
primed,  empty  grenades,  pnmed. 
•ombinaitoo  primers  or  pereussion 
aepe,  toy  caps,  exploit  v*  cable  cut  - 
(erg.  explosive  rivets 


P»m*ss:  n  fusee,  tracer  fusee  or 


Time.  com  bins tkn  or  4domli| 
fuses.  dsasC . 


CiwHaiu  detonanl  fuse,  safety 
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nr  atf way  fume . 


OTUB  DAHQEPOUE 
AftTlCLEE 
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F  sen  ms  Me  solids  cr  enduing 
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•v  efcde  or  wnat*  liquid*.  shite 
label 


"‘amprissed  mw  flammable  game, 
green  label 


FeMiauue  fseas  nr  h-r^xh.  i*  cyltn 
4m.  prtirrf  uiee  vf  U«be.  (ASM 

gSS  label 


Uboerur*  matonek  (c4ese 


m  i 

hK  1 

ill  i 

4-8  s 

<  'Stj  Is 

s  If*  1i 

4  7  ho  -  C 

il‘  i 

1  i  iiijis 

j  I  SfiSl*! 

\  \  mil? 

•  *  «  r  ;a 

5  2  pa £|| 


UPS!  8  i 

lyslli  £\  f 

M'  H.  1 

Ml® 

iii!4alf  If  ?  i 
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GENERAL  SAFETY  PRECAUTIONS 


A.  Introduction 

Improper  handling  of  explosives  and  their  accesso¬ 
ries  may  cause  accidents  resulting  in  serious  injuries 
or  death  to  personnel  and  the  destruction  of  property. 

The  history  of  accidents  with  explosives  indicates  that 
in  practically  every  instance  these  accidents  could 
have  been  avoided.  Therefore,  the  general  safety  pre¬ 
cautions  discussed  herein  shall  be  strictly  enforced. 

B.  Personnel  Safety 

1.  Extreme  care  shall  be  exercised  in  the  selection 
of  personnel  employed  to  handle  explosives  and 
ammunition.  Only  those  physically  and  mentally 
capable  of  realizing  their  responsibilities  to 
themselves  and  others  shall  be  employed. 

2.  Explosives  and  ammunition  shall  be  handled  under 
the  direct  supervision  of  a  competent  person  who 
understands  the  hazards  and  risks  involved.  Per¬ 
sonnel  handling  explosives  and  ammunition  shall 
be  thoroughly  instructed  that  their  safety,  as 
veil  as  that  of  others,  depends  upon  the  degree 
of  Intelligence  and  care  exercised  by  them  when 
handling  explosives. 

3.  Personnel  handling  explosives  and  ammunition 
must  not  tamper  vlth  or  disassemble  any  compo¬ 
nents  unless  authorized  to  do  so.  Serious 
accidents  may  result. 

4.  Persons  handling  explosives  and  ammunition  must 
clean  all  mud  and  grit  from  their  shoes  before 
entering  the  magazine,  car,  boat  or  vehicle 
vhere  explosives  or  ammunition  are  contained. 

5.  Protective  clothing  and  equipment  furnished  by 
PAA  shall  be  utilized  as  required  (see  sub¬ 
section  entitled  "Protective  Clothing  and 
Equipment,"  page  1-51).  Clothing  not  worn  during 
working  hours  must  be  placed  in  approved  lockers 
in  designated  locations. 

6.  Safety  shoes  of  the  appropriate  type  shall  be 
worn  vhere  operations  require  the  handling  of 
exposed  explosives.  Exposed  explosives  may  be 
ignited  by  static  discharge,  friction  or  impact. 

C.  Care  and  Precautions  in  Handling  Explosives  and 

Ammunition 

1.  In  addition  to  the  explosive  hazard,  explosives 
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also  have  varying  degrees  of  toxicity  hazard 
when  inhaled,  ingested  or  absorbed  through  the 
skin.  Dust-air  mixtures  also  present  an  addi¬ 
tional  explosion  hazard.  Therefore,  explosives 
must  be  handled  only  when  adequate  ventilation 
is  provided  to  preclude  the  formation  of  dust- 
air  mixtures.  Spark  discharges  of  static  elec¬ 
tricity  shall  be  prevented  by  the  installation 
of  proper  grounding  devices. 

2.  The  inhalation  of  vapors  of  nitroglycerin  or  the 
nitrated  glycols  can  cause  severe  headache. 

Some  individuals  are  sensitive  to  very  small 
quantities  of  these  materials.  The  inhalation 
of  the  dusts  or  vapors  of  nitro-compounds  such 
as  TNT  and  picric  acid  has  been  known  to  have 
fatal  effects  on  personnel.  Explosives,  there¬ 
fore,  must  always  be  handled  in  adequately  ven¬ 
tilated  areas. 

3.  The  effects  caused  by  the  contact  of  explosives 
with  the  skin,  vary  from  simple  discoloration  to 
dermatitis  and  from  headaches  to  poisoning. 

These  discomforts  are  caused  by  absorption  of 
the  gaseous  or  liquid  materials  through  the  pores 
of  the  skin.  After  handling  any  quantity  of 
explosives,  the  hands  shall  be  washed  thoroughly 
with  soap  and  water.  Personnel  working  with  ex¬ 
plosives  throughout  the  day  shall  bathe  them¬ 
selves  thoroughly  and  change  clothes  upon  com¬ 
pletion  of  their  duty. 

4.  The  nervous  reaction  of  an  individual  working 
with  explosives  is  of  great  concern.  The  ex¬ 
tremely  nervous  individual  and  the  hurried 
worker  shall  not  be  permitted  to  handle  explo¬ 
sives.  Personnel  having  a  calm  disposition  and 
a  conscientious  attitude  will  probably  maintain 
closer  observance  of  standard  safety  regulations. 

3.  The  number  of  personnel  exposed  and  the  quan¬ 
tity  of  hazardous  material  shall  be  limited  to 
a  minimum  when  handling  ammunition. 

6.  All  explosives  or  hazardous  materials,  regardless 
of  type,  must  be  handled  carefully  to  prevent 
shock  or  friction  which  may  cause  a  fire,  ex¬ 
plosion  or  damage  to  the  material.  Explosives 
and  ammunition  must  not  be  thrown,  dropped, 
walked,  dragged  or  tumbled  over  the  floor,  over 
other  containers  or  otherwise  subjected  to  shock. 

7.  During  the  handling  of  explosives  and  ammuni¬ 
tion,  every  precaution  must  be  taken  to  avoid 
their  contact  with  sand,  earth,  gravel  and  other 
abrasive  or  spark-producing  substances. 
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8.  Explosives  and  ammunition  shall  not  be  unneces¬ 
sarily  exposed  to  inclement  weather  nor  to  the 
direct  rays  of  the  sun. 

9.  Bulk  explosives  and  ammunition  in  containers 
shall  be  handled  in  a  manner  to  avoid  rupture 
of  the  containers  or  the  container  seam is  and  to 
prevent  undue  friction  between  individual  con¬ 
tainers.  When  a  container  is  found  in  an 
unsatisfactory  condition,  its  contents  must  be 
transferred  to  a  container  in  a  satisfactory 
condition  that  is  properly  labeled. 

10.  Explosives  and  ammunition  shall  be  carefully 
handled  in  order  that  identification  markings 
will  not  be  obliterated  or  defaced. 

11.  Special  care  must  be  exercised  when  handling 
explosive  containers  to  prevent  leakage  that  may 
cause  a  serious  hazard.  This  is  especially  im¬ 
portant  when  black  powder  or  other  finely  granu¬ 
lated  explosives  are  being  handled. 

12.  Packing  boxes  having  sift-proof  or  water-proof 
linings  shall  be  handled  with  care  so  that  the 
linings  will  not  be  damaged. 

13.  Employees  shall  not  be  permitted  to  work  alone 
during  handling  or  loading  operations.  This 
rule  shall  apply  in  all  cases  except  when  spe¬ 
cifically  permitted  by  area  supervision. 

14.  Steel  or  other  spark-producing  tools  or  equip¬ 
ment  shall  not  be  used  when  handling  explosives 
or  ammunition.  Safety  tools  are  required  for 
opening  boxes  and  for  making  repairs  (see  Figure 
1-1) .  These  tools  are  constructed  of  wood  or 
non-sparking  or  spark- resist ant  materials,  e.g. 
bronze,  lead,  beryllium  alloys  and  monel  metal. 
These  materials  will  not  produce  sparks  under 
normal  conditions. 

15.  Gasoline- powered  lift  trucks  shall  not  bo  used 
when  handling  exposed  explosives,  nor  will  they 
be  used  for  other  purposes  in  locations  where 
exposed  explosives  are  present.  They  must  not 
be  used  Inside  magazines. 

16.  Ammunition  and  explosives  shall  not  be  impro¬ 
vised,  reconditioned,  renovated  or  salvaged 
within  the  magazine  area.  This  rule  shall 
apply  except  in  cases  where  specific  approval 
has  authorized  a  site  to  be  used  exclusively  for 
such  operations.  Quantity-distance  requirements 
must  be  observed  (see  "Air  Force  and  Army  Quantity- 
Distance  Classification  of  Explosives  and  Amau- 
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nition,"  pages  1-6  through  1-25). 

17.  If  explosives  spill  or  sift  from  a  leaky  con¬ 
tainer,  all  work  will  be  stopped  until  the 
explosives  have  been  removed  and  surfaces 
washed  or  desensitized. 

D.  Fire  Protection 

1.  General 

a.  Fire  prevention  is  of  utmost  importance. 

Many  of  the  fires  caused  by  explosives  and 
ammunition  are  preventable.  It  shall  be  a 
primary  duty  of  those  concerned  with  ammu¬ 
nition  and  explosives  to  study  the  causes  of 
fires  and  to  be  thoroughly  informed  of  the 
safety  precautions  necessary  to  prevent  fires. 

b.  Heat  is  ‘extremely  hazardous  in  and  around  ex¬ 
plosives.  Some  explosives  ignite  at  temper¬ 
atures  substantially  lower  than  the  temper¬ 
ature  required  to  ignite  wood,  paper  or  fab¬ 
rics.  Therefore,  every  effort  will  be  exert¬ 
ed  to  maintain  normal  temperatures  surround¬ 
ing  ammunition  and  explosives  in  order  to 
prevent  fires  and/or  explosions. 

2.  Causes  of  Fires 

a.  Deterioration  of  Explosives  and  Ammunition 

Deterioration  of  explosives  and  ammunition 
normally  occurs  at  such  a  slow  rate  that 
most  explosives  and  ammunition  remain  service¬ 
able  for  many  years.  However,  under  un¬ 
favorable  conditions  of  temperature  and 
humidity,  explosives  and  ammunition  may  pro¬ 
duce  heat  so  fast  that  it  cannot  be  dissipat¬ 
ed.  This  causes  the  explosive  or  ammunition 
to  burst  into  flame  or  explode. 

b.  Repacking,  Renovation  and  Salvage  Operations, 
Improperly  Supervised  and  not  Conducted  in 
Accordance  with  Recognized  Safety  Standards 

The  most  common  sources  of  trouble  are  exces¬ 
sive  quantities  of  powder  and  loose  explosives, 
accumulation  of  waste  paper,  broken  bcxes, 
use  of  spark-producing  tools,  defective 
machinery,  faulty  electrical  equipment,  et¬ 
cetera.  Failure  to  provide  the  proper  bar¬ 
ricades  and  firebreaks  to  prevent  fires 
from  spreading  is  also  a  frequent  cause  of 
other  lires. 

c.  Lack  of  Training,  Violations  of  Instructions 
and  Written  Regulations 
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The  most  common  violations  involve  smoking, 
carrying  matches  in  forbidden  areas  and 
buildings  or  tampering  with  explosives  or 
ammunition,  particularly  grenades  or  fuses. 

d.  Failure  to  Understand  and  Carefully  Observe 
the  Safety  Precautions  Prescribed  for  De¬ 
stroying  Explosives  and  Ammunition 

Grass  fires  caused  by  flying  fragments  may 
explode  piles  of  explosives  and  ammunition 
awaiting  destruction. 

e.  Sparks 

Sparks  may  be  caused  by  striking  iron  nails, 
steel  nails,  or  metal  containers  with  iron 
or  steel  tools.  Nails  in  shoes  striking 
flint,  pebbles,  sand  grains,  etcetera,  may 
also  cause  sparks.  Sparks  have  caused  dis¬ 
astrous  explosions  of  black  powder  and  the 
dust  of  other  explosives  which  ignite 
easily.  Tools  of  brass,  copper  or  other  non¬ 
sparking  materials  are  utilized  in  explosive 
operations  to  eliminate  sparks.  Cleaning 
mud  and  dirt  from  shoes  before  entering  maga¬ 
zines  and  wearing  approved  safety  shoes  when 
exposed  explosives  are  present  are  other 
precautions  taken  to  prevent  the  occurrence 
of  sparks. 

f.  Static  Electricity 

Charges  of  static  electricity  can  be  accumu¬ 
lated  on  a  person  and  on  explosive  material. 

The  discharge  of  static  electricity  is  con¬ 
sidered  a  serious  hazard  in  the  presence  of 
certain  exposed  explosives,  dust  and  air  mix¬ 
tures  and  inflammable  vapor-air  mixtures.  Pro¬ 
cessing  or  handling  equipment  for  these  mate¬ 
rials  subjected  to  static  discharge  shall  be 
electrically-grounded  conductive  material. 
Personnel  shall  be  provided  with  authorized 
types  of  safety  shoes.  Cushioned-metal  chairs 
shall  not  be  used  in  locations  where  explo¬ 
sives  or  highly  inflammable  materials  are 
present . 

g.  Failure  to  Safely  Control  the  Use  of  Heat 
and  Flame- Producing  Equipment 

This  equipment  may  be  the  type  used  in  main¬ 
tenance  work  on  area  buildings  or  equipment 
that  is  contaminated  with  explosive  material. 
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h. 


Lightning 


Lightning  may  strike  buildings,  trees  or 
other  objects  in  or  near  explosive  areas. 
All  buildings  and  structures  in  ammunition 
and  explosive  storage  areas  shall  be  pro¬ 
vided  with  complete  lightning  protection. 

i.  Electric  Transmission  Lines 

Electric  transmission  lines  are  often  blown 
down  and  in  many  cases  come  in  contact  with 
combustible  materials. 


j.  Lack  of  a  Proper  Muffler 

Fires  may  be  caused  by  motor  vehicles 
operating  within  an  explosive  area  with¬ 
out  a  proper  muffler,  a  muffler  cut-out  or 
an  exhaust-spark  arrestor. 
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III.  PROTECTIVE  CLOTHING  Aim  EQUIPMENT 


A.  General 

Protective  clothing  and  equipment  shall  be 
selected  or  designed  on  the  basis  of  a  comprehen¬ 
sive  study  of  the  working  conditions  and  person¬ 
nel  protection  required.  Additional  studies  shall 
be  made  of  the  records  of  accidents,  safety  in¬ 
spections  and  suggestions  by  employees  to  insure 
that  proper  protection  is  provided. 

Definite  regulations  regarding  the  utilization 
of  protective  clothing  and  equipment  shall  be  es¬ 
tablished  and  enforced.  Personnel  shall  be  thor¬ 
oughly  instructed  in  the  types,  use  and  maintenance 
of  protective  items.  Complaints  from  employees, 
regarding  the  wearing  of  protective  clothing  and 
equipment,  shall  be  thoroughly  and  promptly  in¬ 
vestigated. 

B.  Clothing 

Employees  required  to  wear  safety  uniforms  or 
special  protective  clothing  shall  leave  their  per¬ 
sonal  clothing  in  lockers  provided  in  the  change 
house.  A  complete  change  cf  protective  clothing 
shall  be  made  daily.  Employees  shall  be  inspected 
by  their  supervisor  prior  to  entering  the  work  area 
to  insure  that  they  are  satisfactorily  attired  to 
meet  the  safety  requirements  of  their  job.  Silk, 
wool,  nylon  or  rayon  outer  or  under  garments  shall 
not  be  worn  in  any  operation  where  the  generation 
of  static  electricity  would  create  a  hazard. 

Personnel  exposed  to  possible  flash  fires  and 
operations  where  their  clothing  may  become  contam¬ 
inated  with  highly  combustible  materials  as  explo¬ 
sives,  explosive  dusts,  etc.,  sha)l  be  provided  with 
and  shall  wear  f lameproofed-coveralls.  Clothing 
is  flameproofed  to  decrease  its  burning  character¬ 
istics  and  thus  reduce  the  hazard  of  burns  to  the 
wearer.  Flameproofed-coveralls  shall  also  be  worn 
in  explosive  operations  involving  black  powder,  smoke¬ 
less  powder,  tracers,  incendiaries,  primers,  pyro¬ 
technics,  igniters,  tracer-igniter  mixtures,  fuze 
powders,  metal  powders,  propellants,  rocket  motors, 
JAT03  and  related  accessories.  Personnel  engaged  in 
destroying  the  above-named  materials  shall  also  wear 
flameproofed-coveralls.  All  operations  shall  be 
carefully  examined  to  determine  the  need  of  flame- 
proofed-clothing  for  the  personnel  exposed. 

All  clothing  contaminated  with  explosives  shall 

i 
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be  laundered  at  a  base  laundry  or  by  private  laun¬ 
dries  under  contract.  The  frequency  of  laundering 
depends  on  the  severity  of  the  hazard  and  the  degree 
of  contact  with  explosives.  The  hazards  which  may 
be  encountered  shall  be  covered  in  the  contract  to 
assure  against  accidents  or  damage  resulting  from 
clothing  soiled  by  or  containing  explosives.  A 
periodic  check  shall  be  made  of  the  efficiency  with 
which  contaminating  agents  are  removed  in  the 
laundering  processes. 

Flameproofed-coveralls  and  other  items  of  protec¬ 
tive  clothing  and  equipment  are  shown  in  Figure  1-2. 

C.  Safety  Shoes 

1.  Semi-conductive  Safety  Shoes 

a.  Description  and  Use 

Semi-conductive  safety  shoes,  often 
referred  to  as  "conductive"  shoes,  are 
leather  shoes  with  semi-conductive  rubber 
compound  heels  and  out soles  (see  Figure 
1-3) .  The  sole  and  heel  shall  be  con¬ 
structed  to  furnish  a  semi-conductive  path 
from  the  Inside  of  the  shoe  to  the  base 
cf  the  shoe,  through  both  the  sole  and  the 
heel.  The  finished  shoes  shall  contain 
no  metallic  fasteners  of  any  kind,  except 
in  the  shank,  if  required. 

Semi-conductive  shoes  shall  be  worn  by  per¬ 
sonnel  in  locations  where  the  accumulation 
of  static  electricity  in  the  body  of  the 
wearer  might  create  a  spark  which  could 
ignite  sensitive  explosives,  gas-mixtures, 
pyrotechnics,  incendiary  mixtures  or  flam¬ 
mable  vapors.  Semi-conductive  shoes  shall 
be  worn  by  personnel  who  walk  upon  con¬ 
ductive  floors  where  exposed  explosives  are 
present.  The  preceding  requirements  apply 
not  only  to  personnel  assigned  to  the  area 
but  also  to  personnel  from  other  depart¬ 
ments  or  visitors  who  enter  the  area. 
Personnel  or  visitors  entering  an  area 
where  explosives  are  exposed  shall  wear  semi- 
conductive  safety  shoes  or  other  approved 
safety-grounding  devices  (see  Figure  1-3) . 
Conductive  shoes  lose  their  efficiency  if 
worn  under  all  conditions.  Therefore, 
these  shoes  shall  be  worn  only  in  specif¬ 
ically  designated  areas.  Mud  and  dirt  clog 
the  pores  of  the  shoes  and  prevent  static 
electricity  from  passing  into  the  ground. 

Only  cotton  socks  are  permitted  to  be  worn 
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FLAMEPROOF  COVERALLS,  HARD  FACE  SHIELD,  HARD  HAT 

HAT  AND  CONDUCTIVE  SHOES  COVERALLS  AND 

CONDUCTIVE  SHOES 


LEATHER  APRON,  GLOVES 
AND  GOGGLES 


FiG.  1-2:  PROTECTIVE  CLOTHING  AND  EOUIFMENT 
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CONDUCTIVE  SAFETY  SHOE 


NON-CONDUCTIVE  SAFETY  SHOE 


% 


CONDUCTIVE  GARTERS 


WEARING  CONDUCTIVE  GARTER 


FIG.  1-3:  FOOT  PROTECTION  AND  SAFETY  GROUNDING  DEVICE 
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with  conductive  shoes.  Pads,  inner  soles 
and  arch  supports  shall  not  be  worn  with 
these  shoes. 

Conductive  shoes  shall  be  stored  in  lockers 
close  to  the  area  in  which  they  are  to  be 
worn.  The  change  from  non-conduct ive  to 
conductive  shoes  shall  be  made  in  the  locker 
room  in  the  change  house. 

b.  Testing 

Tests  of  semi-conductive  shoes  shall  be 
made  prior  to  use  and  whenever  necessary 
to  insure  that  the  resistance  of  the  shoes 
is  within  the  required  limits.  These 
tests  shall  be  made  while  the  shoes  are 
actually  worn  by  the  employee. 

A  testing  instrument  commonly  used  for 
testing  these  shoes  consists  of  two  (2)  con¬ 
ductive  plates  (see  Figure  1-4).  The  in¬ 
structions  for  operating  the  conductive-shoe 
tester  may  be  read  from  a  photograph  in 
Figure  1-5.  The  test  voltage  shall  be  ap¬ 
proximately  ninety  (90)  volts  and  the  test 
current  in  normal  operation  shall  not  ex¬ 
ceed  one  (1)  milliampere.  No  more  than  two 

(2)  mllliamperes  shall  flow  across  the 
plates.  Tests  shall  not  be  performed  in 
rooms  in  which  explosives  are  present. 
Positive  safeguards  must  be  incorporated 
into  the  design  of  the  instrument  to  elim¬ 
inate  all  possibilities  of  electric  shock 
to  the  person  undergoing  the  test. 

A  record  of  tests  shall  be  maintained  where 
the  shoe  testing  equipment  is  located.  The 
following  information  shall  be  recorded  for 
each  shoe  test: 

(1)  The  name  of  the  employee  to  whom  the 
shoes  are  issued 

(2)  The  condition  of  the  shoes  at  the  time 
of  the  test 

(3)  The  resistance  readings 

(4)  The  date  the  test  is  conducted 

(5)  The  initials  of  the  person  conducting 
the  test. 

2.  Overshoes,  Rubber  Boots  and  Rubber-Soled  Shoes 
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CONDUCTIVE  SHOE  TESTER  *  FRONT  VIEW 


CONDUCTIVE  SHOE  TESTER-  TOP  V-'EW-  PANEL 

FIG  1-5:  CONDUCTIVE  DHL*-  "  f-  0  T  F  H 


Overshoes,  rubber  boots  or  rubber-soled  shoes 
that  have  no  exposed  metal  may  be  worn  in 
lieu  of  conductive-safety  shoes  by  transients 
and  non-regular  area  workers.  However,  these 
items  shall  not  be  worn  where  conductive  foot¬ 
wear  is  required  unless  they  pass  the  conduc¬ 
tivity  test. 

Overshoes,  rubber  boots  or  rubber-soled  shoes 
that  have  no  exposed  metal  may  be  worn  when  nec¬ 
essary  for  cold  or  wet  weather  protection  in 
magazines  in  which  there  are  no  exposed  explo¬ 
sives,  flammable  fumes  or  dust  concentrations. 
However,  this  type  of  footwear  shall  not  be  worn 
in  magazines  containing  black  powder,  either  ex¬ 
posed  or  in  containers. 

D.  Perspiration  Control 

Operators  shall  wear  sweatbands  on  their  foreheads 
and  take  other  precautions  to  avoid  perspiration  falling 
upon  material,  for  example,  metal  powders  and  other  com¬ 
positions,  which  react  with  or  may  be  ignited  by  moisture 
(see  Figure  1-6) . 

£.  Safety  Goggles  or  Eye  Shields 

Approved  safety  goggles  or  eye  shields  shall  be 
worn  by  personnel  exposed  to  the  hazards  of  impact, 
dust,  bright  flame  or  splash  to  prevent  eye  injuries 
(see  Figure  1-6).  This  equipment  shall  be  cleaned 
and  maintained  in  accordance  with  the  manufacturer's 
instructions.  The  materials  in  these  items  must  not 
contain  nitrocellulose  or  a  similar  highly  flammable 
material.  Goggles  and  eye  shields  shall  be  provided 
for  and  specifically  assigned  to  individual  persons. 

They  shall  not  be  used  interchangeably  among  person¬ 
nel  unless  they  are  thoroughly  cleaned  and  treated 
antiseptically  prior  to  reissue. 

F.  Face  Shields 

Approved  plastic  face  shields  shall  be  worn  by  per¬ 
sonnel  exposed  to  flying  sparks,  shavings,  splashing  of 
hazardous  liquids,  etc.  (see  Figure  1-6).  Face  shields 
shall  be  kept  away  from  excessive  heat  and  strong  sol¬ 
vents  that  will  soften  and  discolor  the  shields. 

G.  Hard  Hats 

Approved  hard  hats  shall  be  worn  by  personnel  when 
engaged  in  missile  launching  pad  operations.  They  shall 
also  be  worn  in  any  other  operation  that  could  pos¬ 
sibly  cause  injury  to  the  head  (see  Figure  1-6). 

H.  Gloves 
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Gloves  of  the  proper  type  shall  be  provided  to 
personnel  exposed  to  hazardous  materials.  The  types 
of  gloves  utilized  by  employees  in  the  Solid  Pro¬ 
pellants  Area  are  shown  in  Figure  1-6. 

I.  Respiratory-Protective  Equipment 

1.  Design  Requirements 

Only  respiratory-protective  devices  approved 
by  »be  Bureau  of  Mines  and  acceptable  under 
the  U.  S.  Air  Force  regulations  shall  be  used. 

2.  Typ« 

In  general,  all  respiratory-protective  equip¬ 
ment  can  be  classified  in  three  (3)  major 
groups : 

a.  Equipment  that  purifies  the  inhaled  air 
and  makes  it  breathable. 

b.  Equipment  that  require?  an  air  or  oxygen 
supply  from  an  outst^e  source. 

c.  Self-contained  breathing  apparatus  tbr.t 
provides  its  own  air  or  oxygen. 

All  three  (3)  of  these  basic  classes  of 
equipment  include:  a  variety  of  devices,  each 
designed  to  serve  best  under  certain  con¬ 
ditions.  The  fundamental  characteristics 
of  these  devices  are  summarized  as  follows: 

(1)  Air  Purifying  Equipment 

This  equipment  is  suitable  for  use  in 
atmospheres  that  contain  sufficient 
oxygen  to  support  life  and  from  which 
the  contaminants  can  be  removed  or 
rendered  harmless  by  mechanical  or 
chemical  filters.  Included  in  this 
class  of  equipment  are  mechanical- 
filter  respirators,  chemical-cartridge 
respirators  and  canister-type  gas 
mabks. 

(2)  Supplied  Air  Equipment 

(a)  Air-Line  Respirators 

The  air-line  respirator  is  used 
mostly  in  unconfined  spaces  for 
protection  against  paint-spray 
vapors,  welding  fumes,  etc. 

(b)  Hose  masks  obtain  air  from  an 
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uncontaminated  source  and  may 
be  used  in  a  highly  contaminated 
or  oxygen  deficient  area. 

(3)  Self-Contained  Breathing  Apparatus 

A  self-contained  breathing  apparatus 
operates  independently  of  the  sur¬ 
rounding  atmosphere.  It  includes  an 
air  or  oxygen  supply  in  a  cylinder  or 
a  method  ?f  generating  oxygen.  Equin 
ment  of  this  type  provides  complete 
respiratory  protection  in  any  concen¬ 
tration  of  toxic  gases  and  under  any 
condition  of  oxygen  deficiency  (see 
Figure  1-7) . 


FIG.  1-7:  SELF-CONTAINED  BREATHING  APPARATUS 
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IV.  PACKING  AND  MARKING  OF  EXPLOSIVES  AND  AMMUNITION 


A.  General 

The  wide  range  in  the  sensitivity,  stability  and 
hygroscopicity  of  explosives  and  propellants  has 
resulted  in  the  development  of  varied  types  of  packing. 
The  sensitivity  of  initiating  explosives  to  shock  and 
friction  and  black  powder  to  spark  and  flame  neces¬ 
sitates  special  packing  techniques.  The  effects  of 
moisture  on  the  stability  of  some  propellants  and  the 
hygroscopicity  of  many  propellants  also  require  special 
packing  precautions.  Some  of  these  special  packing 
requirements  include  the  packing  of  explosives  in  a  wet 
condition  and  the  use  of  airtight-containers  that  must 
withstand  a  prescribed  internal  pressure.  The  non- 
hygroscopicity  and  relative  insensitivity  of  some  high 
explosives  permits  the  use  of  collapsible  cartons. 

These  cartons  may  be  reused  when  similar  explosives  are 
packed  for  interplant  shipment  or  short-term  storage. 

Bulk  priming,  pyrotechnic,  smoke,  tracer  and  incen¬ 
diary  compositions  are  not  subjected  to  shipment  or 
storage,  since  they  are  loaded  at  the  plant  where  they 
are  manufactured.  Special  packing  containers,  there¬ 
fore,  are  not  prescribed  for  these  compositions. 

The  markings  of  containers  for  explosives  and  pro¬ 
pellants  are  prescribed  by  the  general  specifications 
and  drawings  issued  by  the  Air  Force,  Army  and  Navy. 
These  also  comply  with  regulations  of  the  Interstate 
Commerce  Commission.  The  most  generally  used  markings 
include:  the  name  of  the  material,  lot  number,  speci¬ 
fication  number,  manufacturer's  initials  or  symbol, 
ammunition  identification  code  symbol,  contract  number, 
date  of  manufacture,  gross  weight,  cubical  displace¬ 
ment  and  the  dangerous  commodity  designation  required 
by  the  Interstate  Commerce  Commission  regulations. 
Markings  may  also  include  the  grade  and/or  class  of 
explosives,  the  plant  where  they  are  manufactured  and 
the  box  number.  Initiating  explosives  are  marked  to 
indicate  their  nature  and  compatibility  of  storing  or 
loading  with  other  explosives. 

B.  Initiating  Explosives 

The  sensitivity  of  initiating  explosives  to 
shock  and  friction  necessitates  that  packing  be  ac¬ 
complished  while  in  a  wet  condition.  Due  to  the 
low  solubility  of  lead  azide,  mercury  fulminate, 
diazodinitrophenol  and  lead  styphnate,  water  may  be 
used  as  the  wetting  agent.  However,  if  shipment  or 
storage  under  low-temperature  conditions  is  antic¬ 
ipated,  a  mixture  of  equal  weights  of  water  and 
ethanol  is  permitted. 
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Approximately  twenty-five  (25)  pounds  of  the  explo¬ 
sive,  wet  with  not  less  than  twenty  (20)  per  cent  of 
liquid,  is  placed  in  a  duct  or  rubberized-cloth  bag 
and  covered  with  a  cap  of  the  same  material.  The  bag 
is  tied  securely  to  prevent  leakage.  Not  more  than 
six  (6)  bags  are  placed  in  a  larger  bag  of  the  same 
material.  The  larger  bag  is  tied  securely  and  placed 
in  the  center  of  a  watertight-metal  or  wooden  barrel, 
drum  or  keg  that  is  lined  with  a  heavy,  close-fitting, 
jute  bag.  The  large  bag  containing  the  explosive  is 
surrounded  with  tightly-packed  sawdust  that  has  been 
saturated  with  water  or  a  water-ethanol  mixture.  The 
jute  bag  is  sealed  by  sewing  before  the  barrel,  drum 
or  keg  is  closed.  Not  more  than  150  pounds  (dry 
weight)  of  initiating  explosive  is  permitted  in  a 
single  container. 

C.  Non-Initiating  High  Explosives 

Nitroglycerin,  uncombined  with  other  materials, 
shall  not  be  shipped  by  commercial  means.  Nitro¬ 
glycerin  should  only  be  used  in  the  place  where  it 
is  manufactured. 

Due  to  its  sensitivity  to  spark,  nitrocellulose 
shall  be  shipped  only  when  wet.  It  shall  contain  at 
least  twenty  (20)  per  cent  water  by  weight  and  be 
packed  in  watertight  drums. 

Due  to  their  sensitivity  to  shock,  RDX  and  PETN  must 
be  wet  with  water  or  an  ethanol-water  mixture.  The 
resulting  slurry  shall  contain  not  less  than  forty 
(40)  per  cent  liquid  by  weight.  This  slurry  is 
placed  in  duct,  rubber  or  rubberized  cloth  bags  which 
hold  not  more  than  fifty  (50)  pounds  (dry  weight)  of 
explosive.  These  bags  of  explosives  are  placed  in 
a  larger  bag  of  the  same  material.  The  small  bags 
are  surrounded  with  water  and  the  large  bag  is 
closed  securely.  The  bag  is  then  placed  in  a  water¬ 
tight  barrel,  keg  or  drum.  The  dry  weight  of  explo¬ 
sive  in  one  (1)  container  must  not  exceed  300  pounds. 
During  World  War  II,  the  Germans  packed  RDX  in  a  dry 
condition. 

Ammonium  nitrate,  because  of  its  great  hygroscop- 
icity,  is  packed  in  moistureproof-metal  drums  or  paper 
bags.  The  metal  drums  are  lined  with  paper  and  may 
be  of  the  single- trip  type.  Single-trip  drums  and 
burlap-covered  paper  bags  used  for  packing  ammonium 
nitrate  have  a  maximum  capacity  of  one  hundred  (100) 
pounds. 

TNT,  tetryl,  explosive  "D",  picric  acid,  haleite 
and  nitroguanidine  are  almost  non-hygroscopic .  For 
lengthy  storage  or  overseas  shipment  these  explosives 
are  packed  in  wooden  boxes  lined  with  waterproof-paper 
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that  hold  50  to  100  pounds  of  explosive  (see  Figure 
1-8) .  For  interplant  shipment  or  temporary  storage 
these  explosives  may  be  packed  in  fiber  cartons  that 
are  lined  with  a  waterproof-paper  bag  that  holds  ap¬ 
proximately  fifty  (50)  pounds  of  explosives  (see 
Figure  1-9) .  These  cartons  are  collapsible  and  may 
be  reused.  The  paper-bag  liner  is  destroyed  after  the 
contents  are  removed. 

The  binary  explosives:  amatol,  tetrytol,  picratol, 
torpex  and  tritonal  are  generally  manufactured  at  the 
loading  plants  where  they  are  to  be  used  and  are  not 
subjected  to  packing.  Pentolite,  composition  A-3  and 
composition  B  are  sometimes  shipped  to  loading  plants 
or  placed  in  storage.  They  are  packed  in  a  dry  con¬ 
dition  in  fifty  (50)  pound  capacity  wooden  boxes  or 
fiber  drums  lined  with  moistur ^proof-paper  bags.  They 
can  be  packed  in  a  dry  condition  since  they  are  much 
less  sensitive  than  the  PETN  and  RDX  from  which  they 
are  made.  Composition  C-3,  when  shipped  in  bulk,  is 
packed  in  wooden  boxes  that  are  lined  with  oilproof 
and  moistureproof-paper  bags.  The  capacity  of  these 
boxes  is  fifty-eight  (58)  pounds. 

Military  dynamites  and  demolition  explosives,  for 
example  the  C-3  composition,  are  packaged  in  one  (1) 
pound  sticks  or  blocks.  These  explosives  are  wrapped 
in  oilproof  and  moistureproof-paper  and  are  packed 
in  paper-lined  wooden  boxes  containing  fifty  (50) 
pounds  of  explosives. 

D.  Black  Powder 

Due  to  its  extreme  sensitivity  to  spark  and  its 
great  hygroscopicity,  black  powder  is  packed  in  air¬ 
tight-steel  drums  that  contain  twenty-five  (25) 
pounds  of  powder. 

E.  Propellants 

Propellants  are  packed  in  airtight-containers. 

The  hygroscopicity  of  nitrocellulose  propellants  and 
the  adverse  effect  of  moisture  absorption  on  stability 
and  ballistic  value  necessitates  this  special  packing 
requirement.  Copper-lined  wooden  boxes,  tested  for 
resistance  to  air  pressure  of  five  (5)  psi,  were 
formerly  used  for  all  types  of  propellants  and  are 
currently  standard  (see  Figure  1-10).  These  boxes 
vary  in  size,  the  largest  holding  approximately  150 
pounds  of  propellant.  More  recently  standardized 
containers  of  stainless  steel  with  a  bonded  outer 
layer  of  plywood  and  containers  made  of  heavier,  gal¬ 
vanized  steel  have  been  used  (see  Figure  1-11).  Con¬ 
tainers  for  propellants  have  relatively  large,  rubber- 
gasketed  closures  of  the  clamping  type  with  pressure 
applied  by  means  of  a  screw.  It  is  known  that  pro- 
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FIG.I-II:  STEEL  BOX  FOR  PACKING  PROPELLANTS 
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pellants  stored  in  these  containers  do  not  undergo 
changes  in  moisture  content  even  when  subjected  to 
the  adverse  conditions  of  tropical  storage. 

F.  JATOS 

Small  JATOS  are  generally  shipped  completely  as¬ 
sembled.  Large  JATOS  are  usually  shipped  with  igniters 
packed  separately.  Certain  igniter  assemblies  and  pro¬ 
pelling  charges  (refills)  are  also  shipped  separately. 
The  JATO,  dependent  upon  size  and  weight,  may  either 
be  packed  for  shipment  in  a  wooden  box,  wooden  crate 
or  on  a  pallet.  The  specific  packing  required  for 
each  JATO  and  its  separately  issued  components  is 
described  in  a  technical  manual  for  the  specific  JATO. 
Complete  packing  and  shipping  data  is  published  in  the 
Department  of  the  Army's  Supply  Manual  ORD  3  SNL  S-9. 

G.  Components  of  Guided  Missiles 

The  components  of  guided  missiles  are  packed  in 
appropriate  types  of  containers.  Fuzes  and  warheads 
are  packed  in  wooden  or  metal  containers.  Propel¬ 
lants,  solid  or  liquid,  are  packed  in  specially  de¬ 
signed  tanks,  metal  drums,  glass  bottles  or  fiber  con¬ 
tainers  in  wooden  boxes.  Control  and  guidance  equip¬ 
ment  are  packed  in  specially  constructed  containers 
since  they  are  precision  instruments.  Propulsion 
systems  are  packed  in  metal  crates  or  wooden  boxes. 
Compressors,  cable  sets,  storage  batteries,  firing 
panels  and  similar  items  of  special  equipment  are  also 
packed  in  suitable  boxes,  crates  and  containers. 
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V.  TRANSPORTATION  OF  EXPLOSIVES  AND  AMMUNITION 


A.  General 

Railroads,  ships,  barges,  aircraft  and  commercial 
and  military  trucks  are  the  chief  means  utilized  for 
the  transportation  of  explosives  and  ammunition.  With 
the  exception  of  laboratory  samples,  all  railroad  ship¬ 
ments  are  accomplished  via  freight.  It  is  permissible 
to  ship  laboratory  samples  by  express.  The  shipment 
of  explosives  and  ammunition  must  be  made  with  the 
utmost  care  because  of  shocks  during  transportation, 
increased  handling  and  the  hazards  associated  with 
changing  environment.  Problems  regarding  the  safe 
shipment  of  explosives  and  ammunition  are  similar  to 
those  of  storage;  therefore,  special  regulations  have 
been  developed  to  Insure  maximum  safety  when  shipping 
these  items. 

During  World  War  II,  some  accidents  involving  ex¬ 
plosives  and  ammunition  resulted  from  handling  during 
loading  and  unloading  operations  incident  to  transpor¬ 
tation.  However,  any  explosion  that  occurred  during 
actual  transportation  in  the  United  States  was  caused 
by  fire  that  originated  somewhere  other  than  in  the 
explosive  material.  In  view  of  the  enormous  tonnages 
of  these  materials  transported,  this  record  is  testi¬ 
mony  to  the  effectiveness  of  the  regulations  for 
packing  and  shipping  explosives  and  propellants. 

B.  Regulations 

Published  regulations  pertaining  to  the  transpor¬ 
tation  of  explosives  are  listed  below: 

1.  Interstate  Commerce  Commission  Regulations, 
Transportation  of  Explosives  and  Other  Danger¬ 
ous  Articles  by  Freight 

2.  Interstate  Commerce  Commission,  Motor  Carrier 
Safety  Regulations,  Part  Nos.  1  to  7  inclusive 

3.  Departments  of  the  Army,  Navy  and  Air  Force 
Regulations  and  Instructions 

4.  Bureau  of  Explosives'  Pamphlets  No.  6  and  No. 

6A 

5.  U.  S.  Coast  Guard,  Regulations  Governing  Trans¬ 
portation  of  Military  Explosives  on  Board 
Vessels  and  Regulations  for  the  Security  of 
Vessels  in  Port 

6.  U.  S.  Department  of  Commerce,  Bureau  of 
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Marine  Inspection  and  Navigation's  Regula¬ 
tions  Governing  Transportation,  etcetera, 
of  Explosives 

7.  U.  S.  Civil  Aeronautics  Board,  Civil  Air 
Regulations,  Part  49,  Transportation  of 
Explosives  and  Other  Dangerous  Articles 

8.  Freight  Tariff  No.  10 

9.  State  and  municipal  laws  and  port  and  harbor 
regulations  where  applicable. 

The  above  regulations  cover  the  inspection  of 
freight  cars,  boats,  aircraft  and  motor  vehicles 
prior  to  loading  with  explosive  materials.  They 
also  cover  the  loading  and  staying  of  shipments,  the 
placarding  of  cars  and  trucks,  the  labeling  of  pack¬ 
ages  to  indicate  the  nature  of  shipments,  the  place¬ 
ment  of  freight  cars  in  trains,  the  inspection  of 
shipments  prior  to  unloading  and  the  quantities  of 
items  permitted  in  individual  cars,  aircraft,  barges 
and  trucks. 

C.  Freight  Shipments 

Freight  Tariff  No.  10,  publishing  I.C.C.  Regula¬ 
tions  for  the  Transportation  of  Explosives  and  other 
Dangerous  Articles  by  Freight,  establishes  thirteen 
(13)  classes  of  hazardous  materials.  Three  (3)  of 
these  classes  comprise  explosives,  propellants, 
assemblies  and  ammunition.  Some  of  the  military 
explosives  included  in  these  three  (3)  classes  are 
as  follows: 

1.  Explosives,  Class  A: 

Lead  azide 
Mercury  fulminate 
Lead  styphnate 
Diazodinitrophencl 
High  explosives  or 
propellant  explosives 
Black  powder 
Low  explosives 
TNT 
Tetryl 
PETN 

2.  Explosives,  Class  B: 

Smokeless  powder  Fireworks 

JATOS  Igniters 

3.  Explosives,  Class  C: 

Blasting  caps  (1,000  Time-blasting  fuse 

or  less)  (safety  fuse) 


Picric  acid 
Explosive  ”DM 
RDX 

Nitroguanidine 

Haleite 

Dynamite 

Nitrostarch 

JATO  units 

Igniters 

Rocket  motors 
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r  r.^re  Electric  squibs 

Cordeau  detonant  Delay-electric 

igniters 

It  may  appear  that  Class  A  explosives  include  an 
unduly  wide  range  of  materials  from  the  viewpoint  of 
sensitivity.  However,  when  these  explosives  are  packed 
as  described  under  the  subsection  entitled  "Packing 
and  Marking  of  Explosives  and  Ammunition,"  which  is 
included  in  this  Section  of  the  MANUAL,  the  factor  of 
sensitivity  may  be  considered  fairly  constant  for  all 
materials  in  this  class.  Class  A  explosives,  there¬ 
fore,  are  those  substances  that  represent  an  explosion 
hazard  in  case  of  fire  but  not  in  case  of  an  accident 
without  fire.  Accident  statistics  involving  trans¬ 
portation  substantiate  this  generalization.  The 
transportation  of  liquid  nitroglycerin,  as  such,  by 
freight  is  not  permitted  and  it  is  not  included  in 
Class  A  explosives. 

Class  B  explosives  include  materials  which  are 
principally  a  fire  hazard.  Wet  nitrocellulose,  which 
may  be  expected  to  be  included  in  Class  B,  is  included 
in  the  class  of  flammable  solids.  The  transportation 
of  dry  nitrocellulose  via  freight  is  not  permitted. 
Ammonium  nitrate,  although  it  has  some  explosive  char¬ 
acteristics  under  extreme  conditions,  is  not  included 
in  Class  B  but  in  the  class  of  dangerous  articles  com¬ 
prising  oxidizing  materials. 

Class  C  explosives  contain  items  or  devices  that 
include  Class  A  or  Class  B  explosives  as  components  in 
small  quantities.  These  assemblies  represent  an  explo¬ 
sion  hazard  in  case  of  fire.  Class  C  explosives  could 
initiate  the  explosion  of  any  adjacent  materials  in 
Classes  A  and  B. 

The  establishment  of  these  three  (3)  classes  pro¬ 
vides  for  the  proper  separation  of  these  and  other 
dangerous  articles  during  transportation  via  railway 
freight.  The  extent  of  damage  in  the  case  of  accident 
or  sabotage  may  be  minimized  by  proper  packing  and 
separation  of  theae  materials.  The  Bureau  of  Explosives 
of  the  Association  of  American  Railroads  is  an  official 
advisory  body  on  explosives.  Its  functions  are  to  per¬ 
form  tests  on  explosives  and  offer  recommendations  to 
the  Interstate  Commerce  Commission  on  which  regulations 
for  the  freight  transportation  of  explosives  are  based. 

D.  Motor  Shipments 

1.  The  Motor  Carrier  Safety  Regulations  of  the 
Interstate  Commerce  Commission  establish 
three  (3)  classes  of  explosives  that  cor- 
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respond  closely  with  those  established  for 
railway  freight  shipments.  These  are 
described  as  follows: 

a.  Dangerous  explosives,  Class  A,  include: 

(1)  High  explosives  that  can  be  detonated 
by  a  blasting  cap,  including  dry 
nitrocellulose,  dry  nitrostarch  and 
fireworks  that  can  explode  en  masse 

(2)  Black  powder  and  low  explosives 

(3)  Blasting  caps  and  electric-blasting 
caps 

Items  of  this  class  may  be  shipped  in 
a  common  motor  carrier  that  consists 
of  a  truck  without  a  trailer.  They 
may  also  be  shipped  by  a  semi-trailer 
attached  to  a  tractor,  however,  no 
other  form  of  trailer  may  be  attached 
to  this  vehicle.  Liquid  nitroglycerin 
is  not  included  in  this  class. 

b.  Less  dangerous  explosives.  Class  B,  include 
smokeless  powders  for  cannon  and  small- 
arms  and  fireworks  not  subject  to  explosion 
en  masse. 

c.  Relatively  safe  explosives,  Class  C,  in¬ 
clude  squibs,  primers,  cordeau  detonant, 
etcetera. 

2.  Ammonium  nitrate  is  not  classified  as  an 
explosive  relative  to  motor  transportation 
but  as  an  oxidizing  material.  Separate 
regulations  apply  to  the  transportation  of 
oxidizing  materials. 

£.  Boat  Shipments 

Boat  shipments  are  controlled  by  Coast  Guard  Regu¬ 
lations  as  found  in  the  Code  of  Federal  Regulations, 
Title  46.  Coast  Guard  Regulations  establish  Classi¬ 
fications  of  Class  A,  dangerous  explosives,  Class  B, 
less  dangerous  explosives  and  Class  C,  relatively 
safe  explosives.  This  division  into  classes  cor¬ 
responds  to  those  established  by  I.C.C.  Regulations 
for  Motor  Transportation. 

F.  Aircraft  Shipments 

Civil  Air  Regulations  permit  limited  shipments  of 
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explosives  and  propellants  by  aircraft.  The  pack¬ 
aging,  labeling  and  classification  of  these  materials 
are  in  accordance  with  I.C.C,  regulations  for  freight 
and  express  shipments. 

Passenger  aircraft  are  not  permitted  to  trans¬ 
port  Class  A  or  Class  B  explosives  except  picric 
acid,  explosive  "0"  and  TNT.  These  explosives  must 
be  shipped  as  medical  or  chemical  materials.  They 
shall  contain  at  least  ten  (10)  per  cent  water  by 
weight  and  be  shipped  in  outside  containers  having 
maximum  contents  of  sixteen  (16)  ounces.  Class  C 
explosives,  except  blasting  caps,  may  be  carried  on 
passenger  aircraft.  Individual  outside  containers 
of  Class  C  explosives  shall  not  contain  more  than 
fifty  (50)  pounds.  Cargo  aircraft  may  transport 
explosives  permitted  in  passenger  aircraft.  They 
may  also  transport  explosives  other  than  blasting 
caps  that  are  packed,  labeled  and  otherwise  accept¬ 
able  for  express  shipment  in  accordance  with  I.C.C. 
Regulations. 


STORAGE  OF  EXPLOSIVES  AND  AMMUNITION 


A.  General 

Explosives  and  ammunition  are  stox'ed,  preferably, 
in  earth-covered,  concrete  magazines  called  igloos 
(see  Figure  1-12) .  Prior  to  storage  these  items  are 
packed  in  standard  containers  which  include  wooden 
boxes,  steel  drums,  metal  crates,  cartons,  etcetera. 
For  further  information  concerning  containers  for 
explosives  and  ammunition  see  the  subsection  entitled 
"Packing  and  Marking  of  Explosives  and  Ammunition" 
which  is  included  in  this  Section  of  the  MANUAL. 

Magazines  shall  be  located  in  areas  provided  with 
an  approved  drainage  system  to  prevent  moisture 
deterioration  to  items  stored  therein.  Grass  or  other 
vegetation  adjacent  to  and  extending  over  igloo  mag¬ 
azines  must  be  mowed  at  frequent  intervals  and  all 
dry  debris  must  be  removed.  A  fifty  (50)  foot  area 
surrounding  the  igloos  shall  be  maintained  free  from 
rubbish,  dry  grass  or  other  material  of  a  combustible 
nature.  Trees  may  remain  in  magazine  areas,  provided 
they  are  separated  from  adjacent  woods  or  forests 
by  fire  lanes  or  open  areas. 

B.  Magazine  Construction 

1.  General 

The  magazines  used  for  the  storage  of  explo¬ 
sives,  ammunition  and  solid  propellants  at 
CCMTA  are  of  the  reinforced  concrete,  earth- 
covered,  igloo  type  with  a  barricaded  door 
end.  The  present  magazines  were  constructed 
in  accordance  with  the  Corps  of  Engineers' 
Ordnance  Drawings. 

Magazines  or  igloos  are  specifically  designed 
for  the  type  of  explosives,  ammunition  and 
solid  propellants  to  be  stored.  Magazines 
used  for  storing  pyrotechnic  materials  are 
similar  to  those  used  for  storing  primer  fuses 
and  detonators.  The  magazines  used  to  store 
boosters,  rockets,  JATOS  and  high  explosives 
are  much  larger  and  are  shaped  differently 
than  the  pyrotechnic  igloos. 

2.  Shape 

Pyrotechnic  igloos  are  square  or  oblong  on 
the  inside.  They  vary  in  length  and  width 
but  are  usually  only  ten  (10)  feet  high. 
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FIG.  1-12:  EXPLOSIVES,  AMMUNITION  AND  SOLID  PROPELLANTS  STORAGE  AREA 


Magazines  housing  boosters,  rockets,  JATOS  or 
high  explosives  are  the  elongated,  arched- roof 
type.  They  vary  in  length,  width  and  height. 

Magazines  or  igloos  are  constructed  of  steel 
reinforced  concrete  two  (2)  feet  thick  at  the 
side  base  and  tapering  to  approximately  fifteen 
(15)  inches  at  the  breaking  point  where  the 
arched- roof  begins.  The  arched- roof  tapers  to 
approximately  eight  (8)  inches  thick  at  the 
crown . 

Barricade 

Earth-covered,  above-ground  magazines  are 
covered  with  approximately  2  to  3  feet  of  earth 
and  are  sloped  at  a  2  to  1  pitch. 

The  barricade  at  the  door-end  of  the  magazine 
access  road  is  constructed  of  steel  reinforced 
concrete  (see  Figure  1-13).  The  barricade  is 
two  (2)  feet  thick  at  the  base  and  tapers  to 
eighteen  (18)  inches  at  the  top.  It  extends 
to  an  altitude  higher  than  the  steel  doors  and 
is  as  wide  as  the  front  end  of  the  igloo.  This 
concrete  wall  is  backed  by  an  earth-mound  on  a 
2  to  1  slope. 

The  earth  covering  is  seeded  and  the  grass  is 
cut  short  and  maintained  in  this  manner  for  a 
distance  of  at  least  fifty  (50)  feet  from  the 
bottom  of  the  slope. 

Floor 

The  floor  is  steel  reinforced,  spark-proof 
concrete.  It  is  high  pointed  at  the  center  to 
give  a  one  (1)  inch  slope  into  lengthwise  drains 
located  on  both  sides  of  the  magazine.  The 
drains  are  2  or  3  inches  deep. 

Lighting 

The  lighting  system  contains  one,  two  or  four 
explosion- proof  spot  lights  located  on  the 
door-end  barricade  which  are  mounted  to  direct 
light  into  the  magazine  (see  Figure  1-13). 

Grounding  System 

The  grounding  system  is  a  #1/0  copper  cable 
hooked  to  end-rings  attached  to  the  rein¬ 
forced  steel  of  the  magazine.  These  end- 
rings  are  located  on  the  outside  of  the 
magazine  on  both  sides  at  the  top  and  bottom. 
They  are  connected  by  a  #1/0  copper  ground 
conductor  that  encircles  the  igloo.  This 
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MAGAZINE-  AIR  CONDITIONED 


MAGAZINE-  PYROTECHNIC  AND  ORDNANCE  ITEMS 


FIG.  1-13  IGLOO- TYPE  MAGAZI  NE  -  STORAGE 
OF  SOLID  PROPELLANTS 


ground  conductor  is  placed  approximately 
eighteen  (18)  inches  below  the  existing  grade 
of  earth-fill  and  ground  level. 

7.  Lightning  Protective  System 

Lightning  rods  are  provided  at  the  front  and 
rear  of  the  igloos.  They  extend  two  (2)  to 
four  (4)  feet  above  the  highest  point  of  the 
earth-fill  and  are  attached  by  cable  to  the 
grounding  system  (see  Figure  1-13). 

8.  Ventilation  System 

Some  magazines  are  air-conditioned  or  heat- 
conditioned,  others  are  equipped  with  a  fresh 
air  vent  that  connects  the  internal  area  of 
the  magazines  to  the  outside  by  a  duct.  The 
air  vent  rises  approximately  one  and  one-half 
to  two  feet  above  the  earth-fill  of  the  igloo 
(see  Figure  1-13) .  A  screen  installed  in  the 
duct  prevents  rodents,  small  animals  and  pests 
from  entering  the  igloo. 

9 .  Doors 

Magazine  doors  are  constructed  of  5/8"  armor- 
plate  steel  on  the  outside  and  1/4"  steel  plate 
inside  (see  Figure  1-13) .  They  are  insulated 
internally  with  asbestos  batting.  The  dual 
doors  are  approximately  three  (3)  inches  thick, 
tri-hinged  and  are  provided  with  an  overlapping 
at  the  closure  face  to  insure  tightness.  The 
doors  are  also  provided  with  a  welded  hasp 
for  locking  purposes.  In  some  of  the  large 
magazines  the  dual  doors  are  on  rails  so  that 
they  can  be  opened  by  sliding. 

10.  Crane  System 

Most  of  the  magazines  are  provided  with  over¬ 
head,  chain-operated  cranes  (see  Figure  1-14). 
These  are  attached  to  an  I-beam  that  is  anchored 
at  the  rear  of  the  magazine  and  to  the  door- 
end  barricade.  The  I-beam  of  the  crane  rail 
extends  the  length  of  the  igloo  to  the  outside. 

11.  Access  Road 

A  hard-surfaced  asphalt  road  provides  access  to 
the  magazines.  The  width  of  the  access  road  is 
twenty  (20)  feet  for  small  magazines  and  thirty 
(30)  feet  for  large  magazines.  The  road  forms 
a  half  circle  between  the  front-end  barricade 
and  the  igloo.  Access  is  gained  from  either 
side  of  the  area  road. 


1-80 


LARGE  SOLID  PROPELLANT  ROCKET  STORAGE 


SMALL  SOLIO  PROPELLANT  ROCKET  STORAGE 

FIG.  I  14  IGLOO-TYPE  MAGAZINE  -  STORAGE  OF 
SOLID  PROPELLANT  ROCKETS 
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12.  Fire  Symbols  or  Hazard  Markers 

a.  General 

Each  magazine  is  provided  with  a  sign  on 
either  side  of  the  magazine  entry  way. 

The  signs  provide  a  guide  to  indicate  the 
relative  danger  to  be  encountered  by  the 
fire-fighting  crews  when  actively  engaged 
in  fighting  a  fire  in  the  explosives  and 
ammunition  magazine  area.  Buildings  and 
storage  sites  containing  hazardous  or 
explosive  materials  must  be  plainly  marked 
with  the  pertinent  fire-hazard  symbol 
(see  Figure  1-13) .  The  symbol  used  shall 
apply  to  the  most  hazardous  material  con¬ 
tained  within  the  building  or  magazine. 

To  facilitate  recognition,  distinctive 
background  shapes  have  been  developed  for 
each  symbol: 

vl)  Symbol  1  -  rectangular-shaped  back¬ 
ground 

(2)  Symbol  2  -  square-shaped  background 

(3)  Symbol  3  -  diamond- shaped  background 

(4)  Symbol  4  -  octagonal-shaped  background 

(5)  Chemical  Ammunition  -  circular-shaped 
background  without  explosive  components 

The  symbol  background  used  should  be  twenty- 
four  (24)  inches  high  and  twenty  (20)  inches 
wide.  The  background  should  be  international 
orange  or  yellow.  The  symbol  numbers  should 
be  black. 

b.  Chemical  Ammunition  Symbols 

The  same  fire  symbols  shall  also  be  used  to 
identify  chemical  ammunition  storage  facil¬ 
ities  for  fire-fighting  purposes.  The 
type  or  types  of  fire  symbols  will  depend 
not  only  upon  the  type  of  chemicAl  agent 
in  the  ammunition  but  also  upon  the  absence 
or  presence  of  explosive  components  in  the 
ammunition. 

Storage  facilities  for  chemical  ammunition 
containing  no  explosive  components  shall 
be  marked  with  fire  symbols  described  as 
follows: 
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(1)  A  circular  sign  twenty-four  (24) 
inches  in  diameter  with  an  inter¬ 
national  orange  or  yellow  back¬ 
ground  . 

(2)  Persistent  poisonous  gases  shall  be 
indicated  by  two  (2)  green  stripes 
four  (4)  inches  wide  and  four  (4) 
inches  apart.  These  stripes  shall 
be  painted  diagonally  on  the  circu¬ 
lar  sign  indicated  in  Par.  (1)  and 
shall  extend  from  upper  right  to 
lower  left. 

(3)  Non-persistent  poisonous  gases  shall 
be  indicated  by  a  single,  green,  four 

(4)  inch  stripe  on  the  circular  sign. 
This  stripe  shall  be  centered  diag¬ 
onally  on  the  sign  and  it  shall  extend 
from  upper  right  to  lower  left. 

(4)  Incendiaries  and  other  materials  which 
are  not  easily  extinguished  by  water 
shall  be  indicated  by  the  letter  "D". 

The  letter  "D"  is  painted  in  black  on 
the  international  yellow  or  orange 
background. 

Storage  facilities  for  chemical  ammunition 
containing  explosive  components  shall  be 
designated  by  explosive  lire  symbols  with 
the  appropriate  chemical  ammunition  symbol 
superimposed  on  them.  This  arrangement 
will  denote  the  combined  explosive  com¬ 
ponent  and  chemical  agent  hazard. 

c.  Description  of  Fire-Hazard  Symbols 
Symbol  1 

This  group  consists  of  explo¬ 
sives  and  ammunition  in  quantity- 
distance  Classes  1,  11  and  12 
and  fuels  and  oxidizers  in  classes 
150  and  1050  when  used  together 
as  propellants.  It  also  includes 
solvents,  oils,  paints,  compressed  gases  and 
other  inorganic  oxidizing  agents  in  sealed 
containers.  These  materials  are  principally 
fire  hazards  but  minor  explosions  may  be 
expected.  Fires  involving  these  materials 
must  be  fought  with  mobile  fire  extinguish¬ 
ing  equipment  until  the  fire  has  been 
completely  extinguished.  A  mobile  first 
aid  unit  must  stand  by  to  treat  possible 
injuries  resulting  from  the  f<re. 
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Symbol  2 


Explosives  and  ammunition  under 
this  symbol  present  limited 
explosion  hazards.  Personnel 
discovering  a  fire  in  this  type 
material  shall  first  sound  the 
fire  alarm  and  then  attempt  to 
extinguish  the  fire  with  the  equipment  on 
hand  if  the  fire  is  at  the  incipient  stage. 
When  the  mobile-fire  equipment  arrives  the 
fire  should  be  extinguished  only  when  in¬ 
dications  are  that  the  fire  can  be  ex¬ 
tinguished  without  limited  explosions. 

When  the  possibility  of  an  explosion  is 
indicated  the  area  should  be  cleared  and 
the  Fire  Department  prepared  to  combat 
small  spreading  fires  resulting  from  the 
explosion  and  burning  debris. 

Materials  stored  under  the  Symbol  2 
include  Class  3  explosives  and  ammunition. 
These  materials  include  fuses  without 
boosters,  practice  grenades,  spotting 
charges,  JATO-electric  igniters,  artillery 
and  cannon  primers  and  primer  detonators. 

Symbol  3 

Personnel  in  the  immediate 
vicinity  of  a  Symbol  3  fire 
shall  activate  deluge  systems 
and  sound  the  alarm,  but  they 
shall  not  expose  themselves  to 
undue  hazards.  The  Fire 
Department  shall  confine  its  operation  in 
preventing  the  spread  of  fire  to  other 
buildings,  unless  the  fire  is  of  a  minor 
nature  and  does  not  involve  the  explosive 
itself.  Fire  involving  these  materials 
produces  intense  radiant  heat  over  a  wide 
area,  which  is  dangerous  to  personnel  and 
equipment  in  the  vicinity.  Extreme  caution 
shall  be  observed  by  personnel  of  the  Fire 
Department  when  combating  this  type  of  fire. 

Symbol  3  materials  consist  of  quantity- 
distance  Class  2  and  2A  propellants, 

Group  C  and  D  chemical  ammunition  (not 
assembled  with  explosive  components)  and 
Class  2  pyrotechnic  materials. 
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Symbol  4 


No  attempt  shall  be  made  to 
fight  fires  involving  Symbol  4 
material  except  for  manual 
activation  of  installed 
automatic  fire  extinguishing 
equipment.  These  materials 
may  be  expected  to  detonate  when  in¬ 
volved  in  a  fire,  and  except  for  explo¬ 
sives  and  ammunition  of  Classes  4  and  5 
are  subject  to  mass  detonation.  Personnel 
shall  leave  the  building  immediately  when 
the  fire  begins.  They  shall  protect 
themselves  as  much  as  possible  and  acti¬ 
vate  deluge  systems  and  fire  alarm  equip¬ 
ment  while  escaping.  When  a  fire  in  a 
Symbol  4  building  is  small  and  involves 
non-explosive  materials,  an  attempt  may 
be  made  to  extinguish  it  with  an  extin¬ 
guisher  or  other  readily  available  means. 


When  the  Fire  Department  arrives,  super¬ 
vision  shall  advise  them  of  the  nature  of 
the  fire  and  the  kind  of  material  in¬ 
volved  or  likely  to  be  involved.  When 

k>1  4  materials  are  directly  implicated, 
fire-fighting  forces  shall  observ  strict 
quatui*y-distances  (see  Air  Force  and 
Army  C^aantity-Distance  Classification  of 
Explosives  and  Ammunition,  pages  1-6  through 
1-25) .  They  shall  maintain  a  distance  of 
1000  feet  from  fires  in  which  the  quantity 
of  explosives  involved  is  50,000  pounds 
or  less,  and  proportionately  greater  dis¬ 
tances  up  to  2000  feet  when  100,000  pounds 
of  explosives  are  involved.  Mobile  equip¬ 
ment  shall  be  kept  at  a  protected  location. 


When  the  Fire  Chief  and  Area  Supervisor 
concur  on  the  procedure,  fire-fighting 
forces  may  advance  to  extinguish  the  fire 
or  protect  adjacent  buildings.  Such  action 
is  never  undertaken  until  the  possibility 
of  an  explosion  has  been  eliminated.  Under 
no  circumstances  shall  a  person  enter  a 
Symbol  4  building  in  which  there  is  a  fire. 


The  safety  of  personnel  in  fighting  a 
Symbol  4  fire  depends  on  the  accuracy  of 
the  information  made  available  to  the 
fire-fighting  forces.  No  effort  shall  be 
made  to  fight  the  fire  when  the  safety  of 
personnel  is  in  doubt.  Personnel  and 
equipment  shall  seek  shelter  and  remain 
at  a  safe  distance  from  the  building.  Fires 
in  igloo-type  magazines  shall  be  fought 
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only  when  the  contents  are  determined  to 
be  a  fire  hazard. 

Symbol  4  materials  include  quantity- 
distance  Classes  4  through  10  explo¬ 
sives  and  ammunition,  and  Class  950 
liquid  fuels  and  oxidizers  used  as 
propellants. 

C.  Magazine  Storage 

Containers  of  explosives  and  ammunition  are 
stored  in  magazines  in  accordance  with  special  in¬ 
structions.  In  general,  the  containers  are  stored 
separately  or  in  stacks  with  aisles  provided  between 
stacks  and  magazine  walls.  Storing  explosives  in 
this  manner  facilitates  inspection  and  removal  of 
the  individual  units.  Methods  of  stacking  must  also 
provide  ample  ventilation  to  all  parts  of  each  stack. 

Partially  filled  boxes  of  explosives  must  be 
marked  conspicuously  and  stored  apart  from  full  boxes. 
Damaged  containers  of  explosives  must  not  be  stored 
in  a  magazine  with  serviceable  containers.  Open  con¬ 
tainers  and  containers  with  insecurely  fastened  covers 
are  not  permitted  in  storage  magazines.  No  repair 
work  will  be  undertaken  in  magazines  storing  explo¬ 
sives.  See  "Air  Force  and  Army  Grcup  Summary  of  Storage 
Compatibility  for  Explosives  and  Ammunition/'  pages 
1-33  through  1-40  for  specifxc  storage  requirements. 

D.  Inspection  of  Magazines  and  Magazine  Areas 

1.  General  Inspection  Requirements 

Magazines  and  magazine  aro&s  shall  be  in¬ 
spected  once  a  week  or  more  frequently  as 
directed  by  local  regulations.  These  in¬ 
spections  are  necessary  to  assure  that 
normal  humidity  and  temperature  are  main¬ 
tained  within  the  magazine  and  that  all 
containers  are  la  satisfactory  condition. 

A  check  should  be  made  during  magazine 
inspections  to  ascertain  that  the  follow¬ 
ing  conditions  prevail: 

a.  The  magazine  area  is  adequately  protected 
against  fire. 

b.  Firebreaks  are  kept  clean  of  rubbish  and 
flammable  material. 

c.  Magazines  are  properly  maintained  to  Insure 
that  they  remain  dry,  adequately  ventilated 
and  in  a  general  sat  it.  factory  condition. 

d.  The  Interiors  of  magazines  are  clean  and 
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neat  with  stores  orderly  arranged. 

e.  Compliance  with  the  requirements  of  the 
Air  Force  and  Army  Storage  Compatability 
Groups  (see  pages  1-33  through  1-40)  are 
being  enforced. 

f.  The  stores  are  properly  identified  by  lot 
number  and  stacked  so  that  there  is  no 
more  than  one  (1)  lot  in  each  stack. 

g.  Loose  rounds,  damaged  containers,  empty 
containers,  paint,  oil,  waste,  rags,  tools 
and  other  prohibited  articles  are  not 
present  in  the  magazine. 

h.  All  ammunition  and  explosives  are  in  seg¬ 
regated  magazines  and  not  in  buildings  used 
for  other  purposes. 

i.  Records  and  publications  are  not  kept  in 
magazines. 

j.  In  the  event  a  magazine  contains  leaking 

or  exuding  ammunition,  all  personnel  must  don 
protective  clothing  and  equipment  before 
entering  the  magazine.  The  doors  to  the 
magazine  shall  be  left  opened  until  the 
hazard  has  been  eliminated.  The  search  to 
locate  and  remove  the  leaking  ammunition 
shall  be  conducted  under  the  direct  super¬ 
vision  of  the  foreman  in  charge. 

Special  Inspection  Requirements 

When  conducting  inspections  of  magazines,  specific 

kinds  of  explosives  and  ammunition  shall  be  in¬ 
spected  as  indicated  in  the  following  paragraphs. 

Any  defects  noted  shall  be  corrected. 

a.  Small-Arms  Ammunition 

Small-arms  ammunition  shall  be  inspected  to 
determine  that  full  boxes  are  properly 
marked  and  that  the  seals  are  intact.  The 
lids  or  covers  of  partially-filled  boxes 
shall  be  inspected  to  ascertain  that  they 
are  securely  closed  and  that  the  boxes  are 
appropriately  marked, 

b.  Smokeless  Powder 


All  personnel  assigned  to,  or  engaged  in, 
the  inspection  of  smokeless  powder  must  be 


familiar  with  the  characteristics  of  decom¬ 
posed  powder.  They  must  also  be  cognizant 
of  the  physical  evidence,  such  as  fumes  and 
increases  in  temperature,  which  Indicates 
that  the  powder  is  in  the  process  of  decom¬ 
position.  Failure  to  detect  a  single  con¬ 
tainer  of  decomposed  powder  in  a  magazine 
may  result  in  a  fire  and  loss  of  an  entire 
magazine  and  its  contents.  Magazines  con¬ 
taining  smokeless  powder  shall  be  inspected 
to  assure  that: 

(1)  Ether  or  alcohol  odors  are  not  present 
in  the  magazine.  The  odor  of  ether  or 
alcohol  in  a  smokeless  powder  magazine 
is  an  indication  that  smokeless  powder 
containers  in  the  building  are  leaking. 
In  sufficient  quantity,  ether  in  air 
is  highly  flammable  and  explosive  and 
is  readily  ignited  by  sparks,  static 
discharge  or  excessive  heat  or  friction. 
Ether  and  alcohol  vapors,  when  present, 
must  be  dissipated  by  ample  ventilation 
to  avoid  serious  consequences. 

(2)  The  contents  of  leaking  containers  when 
detected  must  be  transferred  to  service¬ 
able  containers.  The  appearance  of  the 
powder  may  indicate  that  a  surveillance 
test  should  be  performed. 

(3)  The  containers  are  not  abnormally  warm. 
This  would  indicate  local  heating. 

(4)  The  containers  are  not  subjected  to 
moisture  or  dampness. 

(5)  Visual  magazine  samples  are  placed  and 
maintained  in  a  designated  cabinet  or 
rack  that  is  conveniently  accessible 
and  adequately  lighted  when  the  maga¬ 
zine  door  is  open. 

c.  Double-Base  Propellants 

Double-base  propellants  shall  be  inspected 
according  to  the  method  prescribed  for  smoke¬ 
less  powder.  In  addition,  every  effort  shall 
be  made  to  detect  excessive  odors  of  nitro¬ 
glycerin  or  stains  on  the  containers  or 
magazine  floor  which  might  be  due  to  exuda¬ 
tion  or  leakage  of  the  nitroglycerin  from 
the  powder  grains.  Any  evidence  of  leakage 
must  be  reported  immediately  to  the  super¬ 
visor  in  charge. 
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d.  Composite  Propellants 

Composite  propellants  shall  be  visually  in¬ 
spected  for  the  following: 

(1)  Irregularities  in  the  shape  of  grain 
configurations 

(2)  Cracks  in  the  grain 

(3)  Air  bubbles  on  the  surface  o.  the  grain 

(4)  Odor  of  ammonia  indicating  decompo¬ 
sition. 

e.  Pyrotechnics  and  Chemical  Ammunition 

Pyrotechnics  and  chemical  ammunition  are 
frequently  characterized  by  a  definite 
period  of  service.  When  this  period  of 
service  is  exceeded,  deterioration  may  be 
expected.  Inspectors  shall  examine  mark¬ 
ings  closely  to  determine  the  dates  of 
manufacture  and  the  expiration  dates  of 
storage.  They  shall  also  assure  that  the 
containers  are  not  rusty,  corroded  or  leak¬ 
ing  and  that  they  are  tightly  sealed  and 
the  contents  protected  against  moisture. 
Special  fire-extinguishing  agents  and 
safety  equipment  furnished  to  the  area  by 
the  Safety  Section  and  Fire  Department  must 
be  examined  periodically  to  assure  their 
serviceability. 

f.  Bulk  Explosives 

Bulk  explosives,  such  as  tetryl,  TNT, 
composition  B,  composition  A,  explosive  D 
and  black  povder,  shall  be  Inspected  to 
determine  that  all  containers  are  in  a 
secured  condition  and  tightly  closed.  It 
is  Important  that  all  containers  be  prop¬ 
erly  secured  in  order  to  prevent  leakage 
and  the  entry  of  moisture,  dust,  rodents, 
etcetera.  Black  powder  containers  should 
be  examined  for  rust,  loose  covers  and 
loosened  or  ruptured  seams.  Containers  of 
fulminate  of  mercury,  lead  azide,  gun 
cotton  and  other  explosives  required  to  be 
stored  wet  with  water  or  water- alcohol 
mixture  shall  be  examined  periodically  for 
leaks,  corrosion  and  damage.  These  con¬ 
tainers  shall  also  be  examined  to  determine 
that  the  explosives  are  actually  wet  as 
required. 
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g.  Fuzes,  Primers,  Detonators  and  Similar 
Initiating  Devices 

Fuzes,  primers,  detonators  and  similar 
initiating  devices  shall  be  inspected  to 
assure  that  they  are  protected  from  mois¬ 
ture  in  tightly  closed  containers  and 
properly  segregated  in  identified  lots 
according  to  type. 

h.  Mortar  and  Grenade  Ammunition 

Mortar  and  grenade  ammunition  shall  be 
inspected  to  determine  that  it  is  stored 
and  marked  in  an  approved  manner  and  that 
all  containers  are  serviceable  and  securely 
closed. 

i.  JATOS  and  Rocket  Motors 

JATOS  and  rocket  motors  shall  be  inspected 
prior  to  use,  with  due  consideration 
afforded  the  following: 

(1)  Evidence  of  rough  handling  of  the 
JATO  or  rocket  motor  metal  parts  or 
packing  indicates  probable  damage  to 
the  propellant.  When  this  evidence 
appears  the  JATO  or  rocket  motor  will 
be  segregated  for  a  complete  inspection 
to  determine  whether  or  not  they  are 
serviceable.  Units  declared  unservice¬ 
able  will  be  dealt  with  in  accordance 
with  established  procedures. 

(2)  A  JATO  or  rocket  motor  to  be  inspected 
shall  be  moved  to  a  safe  distance 
from  similar  units  and  explosives. 

They  shall  also  be  retained  at  a  safe 
distance  from  sources  of  electrical 
energy  capable  of  Inducing  current  in 
the  JATO  or  rocket  motor  circuit  before 
these  units  are  unpacked  (see  Tables  1-3, 
1-4  and  1-5  in  the  subsection  entitled 
"Destruction  of  Explosives  and  Ammuni¬ 
tion,"  pages  1-103  and  1-104.  Such 
inductive  sources  include  power  lines, 
radar  units,  radio  transmitters  and 
other  high-powered  electrical  apparatus. 

(3)  After  their  removal  from  packing 
materials,  JATOS  and  rocket  motors 
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shall  be  inspected  £cc  the  defects 

described  below  whiO  n«y  render  the 

JATO  or  rocket  motor  unserviceable. 

(a)  A  shorting  device  (wire,  clip  or 
receptacle)  shall  be  included  on 
igniter  leads  or  plugs.  For 
some  JATOS,  the  igniter  leads 
are  twisted  together  to  short  the 
ignition  circuit  in  lieu  of  a 
shorting  device. 

CAUTION:  If  the  shorting  device 
is  not  included  or  the 
igniter  leads  are  not 
twisted  together,  short 
the  ignition  circuit  by 
twisting  the  igniter 
leads  together  before 
proceeding  with  the 
inspection. 

(b)  Mechanical  damage  that  may  render 
the  JATO  or  rocket  motor  unser¬ 
viceable. 

(c)  The  internal  presence  of  moisture, 
snow,  ice,  frost  and  foreign 
matter  will  render  the  JATO  or 
rocket  motor  unserviceable. 

(d)  Evidence  of  propellant  damage, 
that  may  sometimes  be  detected  by 
unscrewing  shipping  plugs,  will 
cause  rejection  of  JATOS  or  rocket 
motors. 

Such  damage  may  be  indicated  by 
the  presence  of  cracked  grains, 
fragments  of  propellant,  nitrous 
fumes  or  musty  odors.  In  general, 
musty  odors,  particularly  in 
tropical  climates,  indicate  mold 
and  fungus  growths. 

(e)  When  required,  test  continuity  of 
igniter  circuit  (see  facilities 
for  the  non-destructive  testing 
of  explosives  in  Figures  1-15  and 
1-16). 

S.  Magazine  Safety  Precautions 

1.  Do  not  store  blasting  caps  in  the  same  magazine 
with  explosives. 
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SOLID  PROPELLANT  TEST  AND  SURVEILLANCE  BUILDING 


SOLID  PROPELLANT  DESTRUCT  PAD  AND  ROCKET  PAD 


FIG.  1-15  SOLID  PROPELLANT  TEST  AND 
SURVEILLANCE  AREA 
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INTERIOR  VIEW 


IGNITER  TEST  CHAMBER 

FIG.  1-16  SOLID  PROPELLANT  TEST  AND 
SURVEILLANCE  BUILDING 
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2.  Do  not  allow  iron  or  steel  tools  or  any  spark- 
producing  or  flame-producing  devices  in  a 
magazine. 

3.  Do  not  store  miscellaneous  non-explosive 
materials  in  a  magazine  containing  explosives. 

4.  Do  not  open  cases  of  explosives  in  or  within 
fifty  (50)  feet  of  a  magazine. 

5.  Do  not  wear  shoes  having  exposed  nails,  metal 
plates  or  metal  cleats  in  a  magazine.  Conduc¬ 
tive-type  safety  shoes  are  recommended  for 
personnel  who  work  in  magazines. 

6.  Do  not  store  primed  cartridges  or  blocks  in 
a  magazine. 

7.  Do  not  store  empty  explosive  cases  in  a 
magazine. 

3.  Do  not  throw,  drop  or  slide  cases  of  explo¬ 
sives  into  a  magazine.  Handle  each  case 
separately  and  carefully. 

9.  Maintain  explosives  under  lock  and  key  at  all 
times.  Only  one  (1)  person  shall  be  responsible 
for  their  storage  and  issue. 

10.  Do  not  permit  smoking  within  the  magazine  area 
which  is  secured  by  fencing.  Matches,  lighters, 
etcetera,  shall  be  deposited  in  boxes  provided 
for  this  purpose  before  entering  the  magazine 
area. 

11.  Store  dynamites  and  other  nitroglycerin  explo¬ 
sives  top  side  up,  so  that  the  sticks  lie  in 

a  horizontal  position. 

12.  Keep  the  floor  of  a  magazine  clean  at  all  times. 

13.  Maintain  a  fifty  (50)  foot  area  around  a 
magazine  free  of  brush,  dry  leaves  and  grass. 

14.  Stack  explosives  on  pallets  to  provide 
adequate  ventilation  and  protection  against 
moisture. 

15.  If  artificial  light  is  required  in  a  magazine, 
use  only  approved  types  of  electric  flash¬ 
lights  or  electric  lanterns. 

16.  Separate  partially-filled  cases  of  explosives 
from  full  cases.  Utilize  the  contents  of  the 
partially-filled  cases  before  opening  full 
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cases  of  the  same  explosive.  Replace  the  case 
cover  each  time  after  use. 

17.  Erect  a  fence  around  the  magazine  area  to  pre¬ 
vent  stray  animals  and  unauthorized  persons 
from  entering.  Signs  shall  be  posted  to  warn 
unauthorized  persons  from  entering  the  mag¬ 
azine  area. 

18.  Stack  explosives  in  a  magazine  so  that  the  old¬ 
est  stock  of  explosives  is  used  first. 

19.  Firearms,  matches,  cigarette  llgl.  ars  and  any 
other  types  of  spark-producing  devices  must 
not  be  carried  into  magazine  areas. 

20.  A  record  shall  be  maintained  of  all  items 
issued  from  a  magazine.  Unused  explosives 
shall  be  returned  to  a  magazine  or  proper 
disposition  shall  be  made  in  accordance  with 
procedures  established  for  that  class  of 
explosive. 


1-95 


VII.  DESTRUCTION  OF  EXPLOSIVES  AND  AMMUNITION 


A.  General 

Explosives  and  ammunition  that  have  become  de¬ 
teriorated  or  devoid  of  identification  shall  be 
destroyed.  Destruction  shall  be  accomplished  by 
burning,  detonation  or  dumping  at  sea.  Burying 
explosives  or  ammunition  or  dumping  them  into  waste 
pits,  wells,  marshes,  shallow  streams  or  inland 
waterways  is  prohibited  except  when  specifically 
authorized  by  written  Instructions. 

An  Ammunition  Disposition  Report  (ADR)  request¬ 
ing  permission  to  destroy  explosives  and  ammunition 
must  be  submitted  to  the  Commander,  Air  Research 
and  Development  Command,  through  the  prescribed  chan¬ 
nel!.  Disposition  shall  nor  be  undertaken  unt?I  the 
ADR  is  approved  and  returned  by  the  Commander.  When 
disposition  is  completed  the  Disposal  Officer  will 
sign  and  date  the  ADR  and  return  tc,  to  the  Com¬ 
mander.  Deteriorated  explosives  and  ammunition 
that  have  been  determined  to  be  dangerous  to  life 
or  property  may  be  disposed  of  without  prior  approval 
from  the  Commander,  ARDC.  In  these  cases,  disposi¬ 
tion  shall  be  approved  by  the  PAA  Superintendent  of 
Missile  Propellants  at  CCMTA.  However,  an  ADR  must 
be  submitted  in  all  instances. 

B.  Safety  Precautions 

Safe  operations  are  the  major  consideration  in 
destroying  explosives  and  ammunition.  The  "General 
Safety  Precautions"  outlined  in  this  MANUAL  shall  be 
thoroughly  understood  and  observed  by  all  personnel 
engaged  in  demolition  operations.  The  safety  pre¬ 
cautions  that  refer  specifically  to  the  destruction 
of  explosives  and  ammunition  are  discussed  below: 

1.  Selection  of  a  Site  for  the  Destruction 
of  Explosives  and  Ammunition 

a.  By  Burning 

The  site  for  the  destruction  of  explo¬ 
sives  and  ammunition  by  burning  shall  be 
located  at  the  maximum  practicable  dis¬ 
tance  from  all  magazines,  inhabited 
buildings,  operating  buildings,  public 
highways  and  railways.  Consideration 
shall  also  be  given  to  the  direction  of 
prevailing  winds  and  to  the  possibility 
of  mass  detonation  during  burning  oper¬ 
ations.  Wherever  possible,  natural 
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barricades  shall  be  utilized  between  the 
burning  site  and  operating  buildings 
and  magazines.  The  burning  site  shall 
be  located  from  all  structures  and  public 
thoroughfares  by  distances  comparable  to 
the  "inhabited  building  distances"  (see 
Air  Force  and  Army  Quantity-Distance 
Classes  and  Tables,  pages  1-6  through 
1-25). 

b.  By  Detonation 

The  selection  of  a  site  for  the  destruction 
of  explosives  and  ammunition  by  detonation 
shall  be  based  on  the  same  principles  as 
stated  in  Par.  "a"  above.  This  site  shall 
be  not  less  than  2,400  feet  from  public 
railways,  inhabited  buildings,  magazines 
and  operating  buildings.  When  this  dis¬ 
tance  cannot  be  provided,  a  pit  or  trench 
shall  be  used  to  limit  the  range  of  flying 
metal,  etcetera.  The  pit  or  french  shall 
be  a  minimum  of  four  (4)  feet  deep  and  cov¬ 
ered  with  at  least  two  (2)  feet  of  earth. 
The  2,400-foot  limitation  does  not  apply 
where  substantially  constructed  destruction 
chambers  are  used.  Pits  will  not  be  re¬ 
quired  when  the  destruction  of  unservice¬ 
able  or  obsolete  ammunition  occurs  on  an 
artillery  range  or  similar  sites.  The 
ammunition  shall  be  covered  with  earth  to 
limit  the  range  of  fragments.  This  cover 
of  earth  should  be  two  (2)  feet  thick. 
Demolition  charges  that  are  to  be  covered 
with  earth  as  specified  above  shall  be 
provided  with  detonating-cord  leads. 

These  leads  shall  be  long  enough  to  pro¬ 
trude  through  the  earth  cover  into  the 
open  air.  Blasting  caps  are  attached  to 
the  open  ends  of  the  detonating-cord  leads 
and  are  not  subjected  to  the  weight, 
pressure  or  friction  from  the  earth  cover. 
Electric-blasting  caps  shall  be  located 
at  prescribed  distances  from  transmitters 
as  described  in  Par.  6.e.  on  page  1-102 
of  this  subsection.  This  will  mini¬ 
mize  the  danger  of  an  electric-blasting 
circuit  being  energized  by  stray 
electric  currents. 

2.  Burning  Combustible  Rubbish 

Combustible  rubbish  shall  not  be  destroyed 

at  locations  where  explosives  and  explo¬ 
sive-contaminated  material  are  destroyed. 

When  separate  burning  areas  cannot  be 
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provided,  a  part  of  the  explosives 
destruction-burning  ground  nay  be  reserved 
for  burning  rubbish,  provided  the  two  (2) 
areas  are  not  operated  simultaneously. 

The  rubbish-burning  area  shall  be  enclosed 
by  a  wire  mesh  or  be  wetted  down  prior  to 
the  burning  of  explosives  and  ammunition 
in  the  adjacent  area.  If  a  wire  mesh  is 
used  the  mesh  shall  not  be  larger  than 
one-half  (1/2)  inch. 

3.  Maintenance  of  Grounds 

All  dry  grass,  leaves  and  other  flammable 
materials  within  a  radius  of  200  feet  shall 
be  removed  from  the  point  of  destruction. 
Fire-fighting  equipment  for  combating 
grass  fires  shall  be  readily  available.  The 
ground  at  the  point  of  destruction  shall  be 
wetted  down  with  water  at  the  close  of  each 
day's  operations.  The  use  of  concrete  mats 
for  burning  or  detonation  of  explosives  and 
ammunition  is  not  permitted. 

4.  Protection  of  Personnel 

Personnel  engaged  in  demolition  work  shall 
always  have  ample  time  to  reach  shelter  from 
the  destruction  site.  The  shelter  shall 
provide  substantial  overhead  cover  and 
splinter-proof  protection.  The  signal  for 
detonation  shall  be  given  by  the  individual 
setting-off  the  blastings.  This  signal 
shall  not  be  given  until  all  personnel  in 
the  vicinity  have  retired  to  a  protective 
shelter  or  have  reached  a  safe  distance  from 
the  destruction  area.  When  an  electric-blast¬ 
ing  machine  is  used,  the  wires  shall  not 
be  connected  to  the  terminals  of  the  blast¬ 
ing  machine  until  all  persons  have  reached 
cover.  The  person  in  charge  of  the  blasting 
must  be  certain  that  the  area  is  properly 
cleared  of  all  personnel  before  initiating 
the  blast.  Dependent  upon  local  conditions, 
temporary  or  permanent  barricades  shall  be 
provided  and  safety  distances  shall  be 
observed  by  all  persons.  Personnel  engaged 
in  burning  activities  shall  be  provided  with 
fire-resistant  outer  clothing.  During 
operations,  the  number  of  people  in  the  area 
exposed  to  the  haaard  shall  be  kept  to  a 
minimum  but  never  less  than  two  (2).  The 
demolition  or  burning  area  shall  be  provided 
with  telephones  or  two-way  radio  communi¬ 
cations.  See  Par.  6.e.  and  observe  quantity 
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distances  listed  in  Tables  referred  to 
therein. 

5.  Safety  Distance  Requirements  for  the  Prepara¬ 
tion  of  Primed  Charges  and  Demolition  Charges 

Personnel  shall  take  adequate  precautions  to 
prevent  accidental  explosions  while  prepar¬ 
ing  primed  charges  for  demolition  activities. 
In  addition  to  the  general  safety  precautions 
currently  in  force,  the  following  safety 
rules  for  the  preparation  of  primed  charges 
and  demolition  charges  shall  be  strictly 
observed. 

a.  The  test-burning  of  safety  fuses  to 
determine  the  r&te  of  burning  of  the 
fuse  rolls  shall  be  accomplished  not 
less  than  twenty-five  (25)  feet  from 
exposed  blasting  caps  or  other  explo¬ 
sives.  The  test  shall  be  performed  in 
the  direction  that  the  air  current  is 
moving. 

b.  The  fuses  shall  be  cut  squarely  through, 
approximately  2  or  3  inches  from  the  end 
of  each  roll.  The  short  pieces  of  fuse 
removed  shall  be  discarded. 

c.  A  one  (1)  foot  length  of  fuse  from  each 
roll  shall  be  cut  off  and  tested  to 
determine  the  burning  time  of  the  fuse. 
This  shall  be  done  at  the  beginning  of 
each  day's  operation  and  whenever  a  new 
roll  of  fuse  is  used.  The  rate  of  burn¬ 
ing  of  rolls  of  old-type  fuse  (time- 
blasting  fuse)  may  vary  from  approx¬ 
imately  30  to  45  seconds  per  foot.  New- 
type  fuse  (safety  fuse  M700)  burns  uni¬ 
formly  at  forty  (40)  seconds  per  foot 
and  is  marked  at  one  (1)  foot  intervals. 

d.  The  supply  of  blasting  caps  for  the 
required  operation  shall  be  located  at 
a  minimum  of  twenty-five  (25)  feet  from 
the  supply  of  explosives. 

e.  The  preparation  of  non-electric  primed 
charges  shall  be  performed  not  less 
than  twenty-five  (25)  feet  from  the 
supply  of  blasting  caps  or  other  explo¬ 
sives. 

f.  The  fuse  used  shall  be  long  enough  to 
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permit  personnel  to  walk,  not  run,  to 
a  place  of  safety  before  the  charge 
explodes.  Fuses  less  than  three  (3) 
feet  long  or  fuses  that  burn  through  in 
less  than  two  (2)  minutes  shall  not  be 
used  under  any  circumstances. 

g.  A  non-electric  blasting  cap  is  selected, 
held  open  end  down  and  shaken  gently  to 
remove  dirt  or  other  foreign  matter. 

The  desired  length  of  fuse  is  selected 
and  held  in  a  vertical  position.  The 
cap  is  gently  slipped  over  the  fuse 
until  the  explosive  is  in  contact  with 
the  end  of  the  fuse.  Do  not  turn  or 
twist  the  fuse  in  the  cap,  this  action 
may  create  a  spark.  If  the  fuse  will 
not  enter  the  cap  easily,  the  end  of  the 
fuse  may  be  rolled  gently  between  the 
fingers  to  facilitate  its  placement  in 
the  cap. 

CAUTION:  Do  not  use  force.  When  the  fuse 
is  too  large  it  shall  be  dis¬ 
carded. 

h.  When  the  fuse  is  properly  seated  within 
the  cap,  place  a  standard-type  cap  crimper 
over  the  cap  at  the  fuse  end.  Hold  the 
fuse  and  crimp  the  cap  to  the  fuse.  Crimp¬ 
ing  by  other  means  is  not  permitted. 

i.  No  more  than  ten  (10)  blasting  caps  shall 
be  permitted  at  one  time  at  the  site 
selected  for  the  preparation  of  primed 
charges . 

j.  The  priming  of  explosives  will  be  perform¬ 
ed  at  a  distance  of  not  less  than  twenty- 
five  (25)  feet  from  any  storage  or  operat¬ 
ing  point  involved  in  the  preparation  of 
primers  and  demolition  charges. 

k.  From  1  to  6  prised  charge*  of  explosives 
may  be  utilized  depending  on  the  size  of 
the  site  and/or  the  charges. 

l.  Primers  shall  not  be  prepared,  nor  shall 
explosives  be  primed,  in  advance  of  the 
requirements  for  their  use.  Prepared 
primed  charges  that  are  not  used  shall 
be  expended.  Such  charges  shall  not  be 
returned  to  the  explosive  storage  build¬ 
ings. 
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m.  A  limited  quantity  of  explosives  suf¬ 
ficient  to  meet  the  requirements  of 
the  operation  involved  shall  be  brought 
to  the  demolition  site. 

6.  Electrical  Hazards 

Special  precautions  shall  be  taken  when 
using  electric-blasting  caps  and  electric¬ 
blasting  circuits  during  demolition 
operations.  These  precautions  are  dis¬ 
cussed  below: 

a.  Electric-blasting  caps  and  electric¬ 
blasting  circuits  may  be  energized  to 
dangerous  levels  xrom  outside  sources. 
These  sources  include  static  elec¬ 
tricity,  induced  electric  currents, 
radio  c^mmunicatior  equipment,  high- 
tension  wires,  etcetera.  Safety  pre¬ 
cautions,  therefore,  shall  be  taken  to 
reduce  the  possibility  of  a  premature 
initiation  of  the  electric-blasting  cape 
and  explosive  charges. 

b.  The  shunt  shall  not  be  removed  from  the 
lead  wires  of  the  blasting  cap  until  the 
moment  the  lead  wires  are  connected  to 
the  blasting  circuit.  The  individual  who 
removes  the  shunt  shall  ground  himself 
prior  to  performing  this  operation,  in 
order  to  prevent  accumulated  static 
electricity  from  firing  the  blasting  cap. 

NOTE:  When  the  blasting  cap  is  tested 
prior  to  priming  the  charge,  the 
lead  wires  must  be  short-circuited 
immediately  after  the  test.  This 
is  done  by  twisting  the  bare  ends 
of  the  wires  together. 

The  vires  shall  remain  short-circuited 
until  the  time  they  are  connected  to  the 
blasting  circuit. 

c.  When  uncoiling  the  lead  wires  of  blast¬ 
ing  caps,  the  cap  shall  be  held  by  the 
vires  approximately  six  (6)  inches  from 
the  cap.  The  cap  shall  never  be  held 
directly  in  the  hand.  The  lead  wires 
shall  be  straightened  out  as  far  as 
necessary  by  hand.  They  shall  never  be 
throvn,  waved  through  the  air  or  snapped 
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as  a  whip  to  loosen  the  wire  coils. 

d.  Both  ends  of  the  firing  wires  shall 
always  be  shorted  or  twisted  together 
and  connected  to  the  ground,  except  when 
actually  firing  the  charge  or  testing 
the  circuit.  The  connection  between 
the  blasting  caps  and  the  circuit¬ 
firing  wires  shall  not  be  made  unless 
the  power  end  of  the  circuit  leads 
(firing  wires)  are  shorted  and  grounded. 

e.  The  premature  ignition  of  electrically- 
initiated  devices,  such  as  squibs  and 
blasting  caps  in  a  radio  frequency 
environment,  constitutes  a  real  hazard. 

Radio  and  radar  transmitters  and  other 
radio  frequency  energy-generating  systems 
create  a  field  of  electromagnetic  energy 
in  the  air  surrounding  their  antennas. 

When  the  lead  wires  of  squibs  and  blast¬ 
ing  caps  form  a  resonant  antenna  enough 
energy  may  be  picked  up  to  cause  ignition 
of  these  items.  Tables  1-3,  1-4  and 

1-5  indicate  the  minimum  distance  based 
on  the  power  of  transmitters  beyond  which 
it  is  safe  to  conduct  electrical-explo¬ 
sive  operations. 

f.  There  are  two  possible  courses  of  action 
that  can  be  taken  when  it  is  necessary  to 
perform  blasting  operations  at  distances 
less  than  those  shown  in  the  Tables 
noted  in  Par.  above. 

(1)  Use  a  non-electric  blasting  system. 

This  procedure  is  preferred  in  these 
instances  because  there  is  no  danger 
of  a  premature  detonation  being 
caused  by  radio  frequency  currents. 

(2)  Use  an  electrical-blasting  system  but 
observe  the  following  precautions  to 
minimize  the  possibility  of  a  pre¬ 
mature  detonation  of  the  electric¬ 
blasting  cap  by  induced  radio  frequency 
currents: 

(a)  Observe  all  the  usual  safety 
precautions  governing  electrical- 
blasting  operations. 

(b)  "Snake"  (not  in  a  straight  line) 
all  firing  wires. 
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TABLE  1-3  MINIMUM  DISTANCES  VERSUS  FM  MOBILE  TRANSMITTERS* 


TRANSMITTER  POWER 
(WATTS) 

MINIMUM  DISTANCE 
(FEET) 

1-10 

5 

10-30 

10 

30-60 

15 

60-250 

30 

NOTE:  Induced  currents  resulting  from  mobile-type 
radio  transmitters  up  to  five  (5)  watt  RF 
output  can  be  disregarded  as  a  safety  hazard. 


TABLE  1-4  MINIMUM  DISTANCES  VERSUS  RADIO  TRANSMITTERS* 


TRANSMITTER  POWER 
(WATTS) 

MINIMUM  DISTANCE 
(FEET) 

0-30 

100 

30-100 

200 

100-250 

500 

250-1,000 

1,000 

2,000 

5,000-50,000 

5,000 

Above  50,000 

10,000 
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TABLE  1-5  MINIMUM  DISTANCES  VERSUS  RADAR  TRANSMITTERS* 


TRANSMITTER  POWER 
(WATTS) 

MINIMUM  DISTANCE 
(FEET) 

5-25 

100 

25-50 

150 

50-100 

220 

100-250 

350 

250-500 

450 

500- 1 , 000 

650 

1,000-2,500 

2,500-5,000 

1,500 

5,000-10,000 

2,200 

10,000-25,000 

3,500 

25,000-50,000 

5,000 

50,000-100,000 

7,000 

100,000  and  up 

7,000 

*  Table*  taken  fro*  OOAMA  Munition  Letter  No.  136-6-23, 
dated  16  September  1959,  entitled  "Airaunitione  and 
Kxploaive  Safety." 
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(c)  A  twisted  wire  such  as  K-110-B 
or  WD-l-TT  shall  be  used. 

(d)  The  full  length  of  all  cap  leads 
shall  be  evenly  twisted  when 
they  are  removed  from  their 
original  containers. 

(e)  The  number  of  blasting  caps 
shall  be  kept  to  a  minimum, 
preferably  one  (1). 

g.  Electric-blasting  caps  shall  be  connected 
to  the  firing  circuit  before  they  are 
placed  in  or  connected  to  the  main  charge. 
This  procedure  will  minimize  damage  should 
an  electric-blasting  cap  prematurely  det¬ 
onate  due  to  stray  currents.  It  will  also 
serve  as  a  test  circuit  for  determining 
the  presence  of  a  dangerous  quantity  of 
radio-frequency  current . 

WARNING:  Individuals  connecting  the  caps 
shall  utilize  all  available 
cover  to  protect  themselves  when 
completing  the  circuit.  The 
distance  between  the  individual 
and  the  blasting  cap  shnll  be 
at  least  the  len^  ’  c  .e  c*p 
leads.  Also  d.’  * 

shall  keep  d  the 

blasting  cap  :  .g  the 

connection. 

h.  Blasting  or  demolition  operations  shall 
not  be  conducted  during  an  electrical 
storm  or  during  a  dust ,  sand  or  snow 
storm  severe  enough  to  produce  atmos¬ 
pheric  static.  Blasting  or  demolition 
operations  will  be  cancelled  upon  notice 
that  such  a  storm  is  approaching.  All 
operations  shall  be  suspended,  cap  wires 
and  lead  wires  shall  be  short-circuited 
and  all  personnel  must  be  vacated  from 
the  demolition  area  to  a  safe  location. 

1.  Prior  to  making  connections  to  the  blast¬ 
ing  machine,  the  firing  circuit  shall  be 
tested  with  a  galvanometer  for  electrical 
continuity.  The  individual  assigned  to 
make  the  electrical  connections  shall 
not  complete  the  circuit  at  the  blasting 
macnlne  or  panel,  nor  shall  he  give  the 
signal  for  detonation  until  he  is  assured 
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all  persons  in  the  vicinity  have  evac¬ 
uated  to  a  safe  location.  The  blast¬ 
ing  machine  or  its  actuating  device 
shall  be  in  this  individual's  posses¬ 
sion  at  all  times  during  the  demolition 
operation.  When  a  panel  is  used,  the 
switch  must  be  locked  in  the  open  po¬ 
sition  until  ready  to  fire.  The  key  to 
the  panel  switch  shall  remain  in  the 
possession  of  the  responsible  person 
during  the  operation. 

7.  Removal  of  Explosives  and  Ammunition  from 
Containers 

Explosives  and  ammunition  to  be  destroyed 
by  burning  shall  be  removed  from  containers, 
since  any  attempt  to  burn  explosives  or 
ammunition  even  under  slight  confinement 
say  result  in  an  explosion  or  detonation. 
Exuding  (leaking)  dynamite  in  boxes  is  an 
exception  and  shall  be  burned  without 
opening  the  boxes. 

8.  Determining  the  Quantity  to  be  Destroyed 

The  quantity  of  material  to  be  destroyed 
at  one  time  will  depend  upon  local 
conditions.  This  quantity  will  be  care¬ 
fully  determined,  beginning  with  a  limited 
number  and  gradually  Increasing  the  number 
until  the  maximum  can  be  destroyed  without 
causing  damage  to  surrounding  property  or 
disturbance  to  civilian  areas.  The  re¬ 
sponsible  individual  will  make  certain, 
before  he  gives  the  signal  for  detonation, 
that  there  are  no  unauthorized  persons  in 
the  danger  area  and  that  all  authorized 
persons  are  protected  by  adequate  distance 
and  cover. 

9.  Collection  of  Unexploded  Ammunition 

A  search  of  the  surrounding  grounds  shall 
be  made  after  each  blast  and  any  material 
which  has  been  thrown  from  the  pit  un¬ 
detonated  shall  be  collected  and  included 
with  the  next  charge  to  be  destroyed. 
Ammunition  that  has  been  subjected  to  an 
explosion  may  be  hazardous  to  handle.  When 
such  items  are  discovered  the  duds  shall 
be  detonated  in  the  place  where  they  are 
found.  Fuzed  ammunition  blown  from  a  pile  or 
pit  and  not  detonated  shall  not  be  collected 


1-106 


due  to  the  possibility  of  the  fuze  being 
activated.  These  items  shall  be  detonated 
in  the  location  where  they  are  found. 

10.  Segregation  of  Material  Awaiting  Destruction 

Explosives  or  ammunition  awaiting  destruction 
shall  be  separated  by  the  intraline  distance 
(see  Definitions)  from  the  point  of  destruc¬ 
tion.  They  shall  be  protected  from  grass 
fires,  burning  embers  and  flying  fragments. 
All  dry  grass,  leaves  and  other  flammable 
material  within  a  radius  of  fifty  (50)  feet 
shall  be  removed  from  the  explosive  material. 

11.  Caution  Against  Unintentional  Ignition 

In  repeating  the  burning  operation,  care 
shall  be  taken  to  guard  against  material 
being  ignited  from  burning  or  smoldering 
residue  or  from  heat  retained  in  the  ground. 
Burnings  shall  not  be  repeated  on  previously 
burned-over  areas  until  a  period  of  at  least 
twenty-four  (24)  hours  has  elapsed. 

12.  Improvising 

The  use  of  improvised  methods  for  exploding 
blasting  caps  is  prohibited. 

13.  Misfires 

In  case  of  a  misfire,  personnel  shall  not 
approach  the  pit,  trench  or  point  of  deto¬ 
nation  until  a  period  of  thirty  (30)  minutes 
has  elapsed.  No  more  than  one  (1)  quali¬ 
fied  person  shall  be  permitted  to  examine 
the  misfire. 

14.  Use  of  Trained  Personnel 

Destruction  of  ammunition  shall  never  be 
attempted  by  inexperienced  or  untrained 
personnel.  The  number  of  personnel  engaged 
in  these  operations  will  be  kept  to  a 
minimum.  More  than  one  (1)  person  shall  be 
present  during  demolition  operations. 

15.  Guarding  Demolition  Area 

Guards,  safety  signals  and  warning  signs 
shall  be  used  to  restrict  unauthorized 
personnel  from  danger  areas  during 
destruction  operations. 
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16.  Additional  Instructions 

In  the  absence  of  specific  regulations  or  in¬ 
formation  covering  any  phase  of  the  destruc¬ 
tion  of  explosive  material,  instructions  will 
be  requested  from  the  Commander,  ARDC,  through 
the  prescribed  channels. 

C.  Bulk  Explosives 

1.  Black  Powder 

The  safest  method  to  destroy  black  powder  is 
to  dump  it  in  a  stream  or  body  of  water, 
provided  it  is  not  prohibited  by  law.  When 
no  authorized  body  of  water  is  convenient, 
it  may  be  burned.  Only  tools  of  wood  or  non¬ 
sparking  metal  shall  be  used  in  opening  the 
containers  (see  Fig.  1-1,  page  1-47).  The 
contents  of  only  one  (1)  container  shall  be 
burned  at  a  time;  no  quantity  should  exceed 
fifty  (50)  pounds.  The  powder  must  be  re¬ 
moved  from  the  container  and  spread  out  on 
the  ground  in  a  train  about  two  (2)  inches 
wide.  The  individual  parts  of  the  explosive 
train  shall  be  separated  by  a  minimum  dis¬ 
tance  of  ten  (10)  feet.  To  ignite  the  powder 
bed,  use  a  train  of  flammable  material,  such 
as  excelsior,  approximately  twenty-five  (25) 
feet  long.  This  material  shall  be  placed  so 
it  will  burn  with  the  powder  in  the  direction 
that  the  wind  is  blowing.  The  powder  train 
allows  sufficient  tine  for  personnel  to 
safely  withdraw  from  the  area.  If  the  powder 
were  consolidated  into  one  mass,  the  flare 
would  be  so  sudden  and  intense  that  all 
personnel  would  be  endangered.  Empty  black 
powder  containers  shall  be  thoroughly  washed 
on  the  inside  with  water,  since  serious 
explosions  have  occurred  with  supposedly 
empty  black-powder  cans.  Safety  precautions, 
particularly  those  outlined  in  paragraph  B 
of  this  subsection  of  the  MANUAL,  shall  be 
observed.  Wet  black  powder  may  resume  its 
explosive  properties  upon  drying.  Ammunition 
items  which  contain  small  quantities  of 
black  powder  such  as  fuzes,  pyrotechnic  items, 
target  practice  rounds,  etcetera,  are  to  be 
disposed  of  in  accordance  with  prescribed 
procedures  for  the  particular  items  involved. 

2.  TNT,  Composition  A,  Composition  B  and 
Composition  C  Series,  Explosive  0,  Tetryl, 
Tetrytol,  Pentolite  and  RDX 
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These  explosives  shall  be  destroyed  by  burn¬ 
ing.  They  must  not  be  dumped  into  water. 
Although  they  are  not  soluble  to  a  great 
degree,  they  do  poison  the  water.  The  ex¬ 
plosive  to  be  burned  shall  be  removed  from 
containers  and  spread  in  a  thin  layer,  not 
more  than  three  (3)  inches  thick  on  a  layer 
of  flammable  material  such  as  excelsior. 

The  train  of  flammable  material  shall  be 
arranged  as  stated  in  Par.  1  above.  Safety 
precautions  outlined  in  Par.  B  shall  be 
observed.  No  attempt  shall  be  made  to  burn 
high  explosive  in  lump  form.  Some  of  these 
explosives  that  normally  burn  when  uncon¬ 
fined  have  b6en  known  to  detonate  during 
destruction  by  burning. 

CAUTION:  RBX  shall  be  burned  wet  with  water 
to  prevent  detonation. 

3.  Solid  Propellant 

Quantities  of  solid  propellant  may  be  des¬ 
troyed  safely  when  the  propellant  is 
removed  from  the  containers  and  spread  out 
on  the  bare  ground  in  a  train  1  to  2  feet 
wide  and  not  more  than  three  (3)  inches 
thick.  A  train  of  flammable  material 
approximately  twenty- five  (25)  feet  long 
and  arranged  as  stated  in  Par.  1  above,  shall 
be  used  to  ignite  the  propellant.  This  allows 
personnel  sufficient  time  to  escape  the  in¬ 
tense  heat  generated  when  a  solid  propellant 
burns.  Safety  precautions  outlined  in 
Par.  B  above  shall  be  observed. 

4.  Dynamite 

Not  more  than  one  hundred  (100)  pounds  of 
dynamite  shall  be  destroyed  by  burning  at  one 
time.  Dynamite  cartridges,  except  frozen 
cartridges,  to  be  destroyed  by  burning 
shall  be  slit  lengthwise  into  halves  with  an 
ordinary  knife.  Knives  with  closing  blades 
shall  not  be  used.  The  slit  cartridges  are 
placed  in  a  single  layer,  not  larger  in  width 
than  the  length  of  one  (1)  cartridge.  They  are 
placed  on  hay,  excelsior  or  other  combustible 
material.  The  combustible  train,  arranged 
as  stated  in  Par.  1  above,  shall  be  of 
sufficient  length  to  allow  personnel  to 
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reach  cover  or  a  safe  distance  before  the 
dynamite  begins  to  burn.  The  dynamite 
containers  shall  be  burned  at  the  same 
time.  Dynamite  awaiting  destruction  shall 
be  shielded  from  the  direct  rays  of  the  sun. 
Sixty  (60)  per  cent  dynamite  frequently 
detonates  after  burning  a  short  period  of 
time.  Frozen  dynamite  is  more  likely  to 
detonate  during  burning  than  normal  car¬ 
tridges.  Destruction  of  dynamite  by  det¬ 
onation  may  be  accomplished  when  the  loca¬ 
tion  will  permit  this  method  of  destruction. 
Care  in  priming  must  be  taken  to  assure 
complete  detonation  of  the  quantity  to  be 
destroyed. 

5.  Other  Explosives 

Detonation  is  considered  to  be  the  best  method 
of  destroying  highly-sensitive  explosives  such 
as  mercury  fulminate  and  lead  azide.  The  bags 
containing  the  explosives  shall  be  kept  wet 
with  water  while  being  transported  to  the 
demolition  area.  A  number  of  bags  (the 
number  shall  be  consistent  with  safe  oper¬ 
ation)  shall  be  removed  from  the  container 
and  carried  to  the  destruction  pit.  The 
bags  are  placed  in  the  pit  in  intimate  con¬ 
tact  with  each  other.  Blasting  caps  are  used 
to  initiate  the  explosives.  The  remaining 
explosives  shall  be  kept  behind  a  barricade 
affording  overhead  protection  during  the 
operations.  The  barricade  shall  be  located 
at  a  distance  that  will  assure  safety. 

D.  Separate-Loading  Propelling  Charges 

Propelling  charges  with  igniters  may  be  burned 
without  slitting  but  in  all  cases  the  igniter- 
protector  caps  will  be  removed  from  the  charges  to 
be  burned.  Protection  sha^l  be  provided  against 
possible  explosion  and  projection  of  burning  par¬ 
ticles.  Propelling  charges  shall  not  be  stacked 
but  will  be  placed  in  a  single  layer  for  burning. 
Core-igniter  type  charges  shall  be  spaced  a  distance 
of  one  (1)  charge  from  each  other. 

E.  Rockets 

Rocket  duds  loaded  with  high  explosives  shall  be 
detonated  in  the  location  where  they  are  found.  High 
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explosive  end  practice  rockets  awaiting  destruction 
shall  be  destroyed  as  follows: 

1.  Rocket  heads  will  be  disassembled  from  com¬ 
plete  rounds  and  destroyed  in  the  same  manner 
as  a  separate- loading  shell.  The  rocket  head 
to  be  destroyed  shall  be  placed  on  its  side 

in  a  trench  or  pit  approximately  four  (4)  feet 
deep.  The  required  quantity  of  explosive  (1/2 
pound  or  less  of  Comp.  C  per  round  of  ammuni¬ 
tion)  shall  be  placed  in  contact  with  the  side 
of  the  rocket  head.  The  explosives  shall  be 
held  in  position  by  earth  that  shall  be  packed 
around  the  rocket  head.  If  the  explosive  used 
is  a  TNT  block,  it  shall  be  placed  on  its  side. 
When  two  (2)  blocks  are  used,  one  is  placed  on 
top  of  the  other.  When  three  (3)  blocks  are 
used,  two  (2)  are  placed  close  together  on  the 
rocket  head  and  the  third  block  is  placed  on 
top.  When  five  (5)  blocks  are  used,  there 
will  be  two  (2)  layers  of  two  (2)  blocks  each, 
with  the  fifth  on  top.  The  demolition  blocks 
are  detonated  by  means  of  an  electric-blasting 
cap  that  is  wired  to  a  blasting  machine.  They 
may  also  be  detonated  by  a  safety  fuse  attached 
to  a  non-electric  blasting  cap. 

2.  When  disassembly  of  the  rocket  head  from  the 
motor  is  not  practicable,  the  complete  round 
may  be  destroyed  by  detonation.  Detonation 
of  the  complete  round  must  be  performed  in  a 
manner  that  will  assure  simultaneous  and  com¬ 
plete  destruction  of  both  the  rocket  head  and 
the  motor. 

3.  When  a  rocket  motor  is  to  be  destroyed,  the 
nozzle  or  nozzle  plate  shall  be  removed  and 
the  igniter  and  propellant  withdrawn  and 
destroyed  in  accordance  with  Par.  D, 
"Separate-Loading  Propelling  Charges." 

Rocket  motors  larger  than  six  ($)  inches  in 
diameter  will  be  considered  as  JATOS  and 
destroyed  accordingly. 

F.  JATOS 

When  possible,  the  nozzle  and  head-end  of  the 
JATO  shall  be  separated  from  the  motor.  The  igniter 
and  propellant  shall  be  removed  and  burned  in 
accordance  with  Par.  D,  "Separate- Loading  Propelling 
Charges."  If  it  is  impossible  or  impracticable  to 
remove  the  propellant,  the  JATO  shall  not  be  destroyed 
until  special  instructions  are  received  from  the 
Commander,  ARDC. 
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G.  Small-Arms  Ammunition 

Small-arms  cartridges  shall  be  destroyed  in  a  pit 
approximately  six  (6)  feet  square  and  four  (4)  feet 
deep.  A  chute  consisting  of  a  piece  of  two  (2)  inch 
pipe  shall  be  provided  for  this  operation.  This  chute 
shall  be  sloped  at  an  angle  that,  will  permit  the 
ammunition  to  slide  down  the  chute  and  into  the  pit. 

The  chute  shall  be  placed  so  one  end  is  over  the 
center  of  the  pit  and  the  other  end  behind  a  barricade. 
Precautions  shall  be  taken  to  baffle  the  open  end  be¬ 
hind  the  barricade  so  the  operator  cannot  look  through 
the  chute.  A  fire  shall  be  built  in  the  pit  and  the 
pit  shall  be  covered  with  a  piece  of  sheet  iron  or 
other  suitable  material  to  confine  flying  fragments. 

The  cartridges  shall  be  fed  into  the  fire  through  the 
chute  with  care  taken  to  prevent  an  accumulation  of 
unexploded  ammunition  in  the  pit.  A  furnace  or  burn¬ 
ing  kettle  designed  for  the  destruction  of  small-arms 
ammunition  by  burning  is  also  satisfactory. 

H.  Small  Components,  Except  Primers 

These  components,  which  include  fu;es,  boosters, 
detonators,  firing  devices  and  similar  material,  may 
be  destroyed  either  by  burning  or  by  detonation. 

Relative  to  the  destruction  by  burning,  the  same 
instructions  given  in  Par.  G.  "Ssall-Arms  Ammunition" 
shall  apply  to  these  components.  Caution  shall  be 
exercised  when  placing  components  in  the  fire,  since 
normal  action  cannot  be  expected  under  Intense  heat. 

The  sound  of  an  explosion  must  be  heard  for  each 
component  placed  in  the  fire.  Another  component  shall 
not  be  placed  in  the  fire  until  the  explosion  of  the 
previous  one  has  been  heard.  An  unusual  delay  in  the 
explosion  of  a  component  shall  not  be  investigated 
until  the  fire  has  burned  out  and  the  pit  is  cold. 

When  these  components  are  to  be  destroyed  by  det¬ 
onation,  they  shall  be  placed  together,  in  small 
numbers,  in  an  open  container.  The  number  to  be  des¬ 
troyed  at  one  time  shall  be  dependent  upon  the  type 
and  kind  of  components.  The  container  and  components 
shall  be  placed  in  a  pit  or  trench  four  (4)  feet  deep. 
One  or  more  TNT  blocks  shall  be  placed  on  top  of  each 
container  and  in  contact  with  the  components.  These 
blocks  shall  be  fitted  with  a  type -I I  special  electric¬ 
blasting  cap  or  with  a  type-X  special  non-electric 
blasting  cap  and  safety  fuze.  The  pit  shall  then  be 
covered  with  a  layer  of  logs  and  earth  or  other  suit¬ 
able  cover  and  the  components  shall  be  detonated  in 
accordance  with  safety  regulations. 
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I .  Primers 


Large  prlaers,  100-grain  or  acre,  aay  be  destroyed 
by  burning  In  accordance  *ith  the  instructions  for  the 
destruction  of  amall-azms  fmmunition  as  outlined  in 
Par.  0,  "Small- Arms  Ammunition  "  Primers,  other  than 
small-arms  cartridge  primers,  are  placed  in  the  fire 
one  at  a  time.  Large  primers  shall  be  destroyed  only 
in  this  manner  since  they  are  subjected  to  explosion 
“en  masse"  when  destroyed  by  burning  in  large  quanti¬ 
ties. 

Primers,  except  the  100-grain  or  larger  primers, 
may  be  burned  in  a  tronch  upproxiaately  two  (2)  feet 
deep  and  one  (1)  foot  wide.  The  trench  shall  be  of 
sufficient  length  to  accommodate  the  number  of  primers 
to  be  burned  at  one  time.  The  trench  shall  be  pre¬ 
pared  with  a  sufficient  quantity  of  excelsior  or 
similar  combustible  material  to  insure  a  fire  through¬ 
out  the  length  of  the  trench.  The  primers  shall  be 
removed  from  boxes  and  placed  on  the  excelsior  before 
it  is  lighted-  Past board  cartons  need  not  be  opened 
before  they  are  placed  in  the  trench.  A  piece  of 
sheet  metal  shall  be  placed  over  the  trench  to  confine 
fragments  as  much  as  possible.  After  the  primers  and 
cover  are  in  place,  a  train  of  combustible  material 
leading  into  the  pit  shall  be  prepared  and  lighted. 
Personnel  hall  then  take  cover  or  withdraw  to  a  safe 
distance  from  the  area  of  destruction. 

A  tank  or  kettle  with  a  small  mesh  screen  over  the 
toy  aay  be  utilized  for  the  destruction  of  a  smaller 
nvmber  of  primers.  The  prlaers  are  exploded  by  a  fire 
that  is  built  underneath  the  tank  or  kettle.  A  conven¬ 
ient  set-up  for  this  purpose  is  a  cylindrical-steel 
tank  that  has  been  cut  in  half,  longitudinally.  The 
open  side  is  placed  on  a  steel  grating  that  will  retain 
the  primers  in  the  bank.  A  twelve  (12)  inch  hole  is 
cut  in  the  top  center  of  the  half-cylinder  tank.  A 
chute  or  pipe,  large  enough  to  accommodate  the  largest 
primer  shall  be  Inserted  into  the  bole.  The  chute 
shall  enter  the  hole  at  an  angle  steep  enough  to  allow 
the  prlaers  to  slide  down.  A  hole  for  a  smoke  stack 
to  provide  draft  is  also  cut  in  the  half-cylinder  tank 
and  a  stack  is  inserted  therein.  The  entire  arrange¬ 
ment  is  rested  on  stone,  brick  or  earth  supports  in 
order  that  a  tire  may  be  built  underneath.  About 
fifty  (SO)  primers  are  slid  down  the  chute  and  onto 
the  grate  for  each  burning  operation.  Packing  material, 
if  flammable,  need  not  be  removed  from  the  primers. 

The  smaller  end-vent  primers  may  be  destroyed  by 
burning  in  a  fireplace.  A  steel-mesh  basket  of 
primers  may  be  pulled  onto  a  grating  over  the  fire¬ 
place  from  behind  a  barricade.  The  fire  shall  be 
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started  before  the  basket  of  primers  is  pulled  over 
it.  When  all  primers  have  been  fired,  the  basket 
shall  be  pulled  off,  emptied,  cooled,  refilled  and 
again  pulled  over  the  fire. 

Stocks  of  primers  awaiting  destruction  shall  be 
located  not  less  than  300  feet  from  the  burning 
operations.  Great  care  shall  be  exercised  to  protect 
the  pile  from  accidental  ignition  by  flying  frag¬ 
ments  or  sparks.  Stocks  shall  be  limited  to  a  one 
(1)  day  supply.  Other  applicable  regulations  con¬ 
tained  in  Par.  B,  "Safety  Precautions,"  on  page 
1-96  shall  be  strictly  observed. 

J .  Grenades 

1 .  General 

Grenades  may  be  destroyed  by  burning  or  deto¬ 
nation.  Strict  compliance  with  applicable 
regulations  stated  in  Par.  B,  "Safety  Pre¬ 
cautions,"  is  essential  for  the  protection 
of  personnel  and  property.  Destruction  by 
detonation  should  generally  be  applied  to 
high-explosive  grenades,  whereas,  destruction 
by  burning  is  applied  generally  to  other 
types  of  grenades. 

2.  Destruction  by  Detonation 

Hot  more  than  twenty  (20)  HE  grenades  shall 
be  placed  in  a  destruction  pit;  the  pit  shall 
be  approximately  four  (4)  feet  deep.  The 
grenades  shall  be  placed  in  close  contact. 
Three  (3)  1/2-pound  TNT  blocks,  taped  to¬ 
gether,  shall  be  placed  on  top  of  the  pile. 

A  type-1 I  special  electric-blasting  cap 
arranged  for  wiring  to  a  blasting  machine 
or  a  type-1  special  non-electric  blasting 
cap  fitted  with  several  feet  of  safety  fuse 
shall  be  taped  to  one  of  the  three  blocks. 

The  grenades  and  TNT  blocks  (with  lead 
exposed  as  described  in  Par.  B.l.b. ,  page 
1-97)  shall  be  covered  with  a  layer  of 
lightly  tamped  earth  about  one  (1)  foot 
thick.  This  is  accomplished  in  order  to 
obtain  the  maximum  efficiency  from  the  explo¬ 
sion  of  the  TNT  blocks.  The  pit  shall  then 
be  covered  as  described  in  Par.  B,  "Safety 
Precautions,"  on  page  1-96. 

3.  Destruction  by  Burning 

A  pit  two  (2)  feet  square  by  three  (3) 
feet  deep  with  a  loosely  fitted  steel 
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plate  or  heavy  board  cover  shall  be  provided. 
Grenades  (other  than  HE  loaded)  shall  be  placed 
in  the  fire  one  (1)  at  a  time.  Other  grenades 
shall  not  be  placed  in  the  fire  until  the  pre¬ 
vious  grenade  has  exploded.  Care  shall  be  ex¬ 
ercised  in  placing  explosives  into  the  fire  as 
normal  destruction,  cannot  always  be  expected 
when  the  grenades  are  subjected  to  intense 
heat.  An  unusual  delay  in  the  explosion  of  a 
grenade  shall  not  be  investigated  until  the 
fire  has  burned  out  and  the  pit  is  cold.  An 
inclined  chute  baffled  at  the  open  end  may  be 
utilized  in  lieu  of  dropping  grenades  singly 
and  covering  the  pit  with  the  steel  plate  or 
heavy  board  cover  each  time. 

K.  Pyrotechnics 
■  1.  General 

Pyrotechnics,  except  photoflash  bombs  and  para¬ 
chute  flares,  shall  be  destroyed  in  accordance 
with  the  instructions  for  burning  primers  (see 
Par.  I,  '’Primers,"  page  1-113).  Loose  pyrotech¬ 
nic  materials  shall  be  burned  under  the  same 
conditions  as  black  powder  and  the  same  precau¬ 
tions  shall  be  observed  (see  Par.  C.I.,  "Black 
Powder,"  page  1-108). 

2.  Parachute  Flares 

Parachute  flares  shall  be  destroyed  by  burning 
in  the  open.  The  individual  flares  must  be 
located  at  least  four  (4)  feet  apart  and  placed 
on  top  of  a  layer  of  combustible  material. 

After  lighting  the  train  of  combustible  mate¬ 
rial,  personnel  shall  take  cover  at  a  safe  dis¬ 
tance.  Personnel  shall  face  away  from  the  fire 
to  avoid  injury  to  their  eyes  from  the  extreme 
brilliance  of  the  flame. 

3.  Photoflash  Bombs 

Photoflash  bombs  are  dangerous  and  shall  be 
handled  with  care.  They  shall  be  destroyed  by 
the  use  of  TNT  blocks,  similar  to  the  procedure 
for  artillery  shells.  (This  procedure  is  given 
in  T.O.  11A-1-37.)  Due  to  the  thin  case,  one 
(1)  1/2-pound  block  of  TNT  is  sufficient  to  ac¬ 
complish  destruction.  Strict  compliance  with 
the  applicable  regulations  of  Par.  B,  "Safety 
Precautions,"  is  essential 

NOTE:  Due  to  the  brilliance  of  the  flash  of 
exploding  photoflash  bombs,  personnel 
engaged  in  the  destruction  operation 
shall  protect  their  eyes. 
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Section  2 


EXPLOSIVES  AND  AMMUNITION 


I.  GENERAL 

Missile  Weapons  Systems  are  so  closely  correlated  to  ex- 
plosives  and  ammunition  that  an  understanding  of  one  must 
lead  to  an  understanding  of  the  others.  The  complete  function¬ 
ing  aud  composition  of  all  component  missile  parts  must  be 
understood  by  all  personnel  handling  explosives  and  ammunition. 
For  the  component  parts  of  any  missile  to  function  properly  at 
the  time  and  place  specified,  it  is  necessary  to  employ  differ¬ 
ent  types  of  explosives  and  ammunition,  each  having  a  specific 
role,  either  as  a  propellant,  booster,  sustainer,  igniter,  de¬ 
structor,  detonator,  squib,  explosive  bolt,  etcetera. 

An  explosive  is  defined  as  any  substance  or  mixture  of  sub¬ 
stances  that  will  produce,  upon  release  of  its  potential  energy, 
more  stable  substances.  These  substances  are  mainly  gases. 

When  these  chemical  compounds  or  substances  are  subjected  to 
initiating  impulses  or  agents  such  as  flame,  spark,  heat,  im¬ 
pact  or  friction  (whether  applied  mechanically,  electrically 
or  atomically)  they  undergo  chemical  and  physical  transforma¬ 
tion  at  speeds  varying  from  extremely  rapid  to  virtually  in¬ 
stantaneous.  This  results  in  a  sudden  and  rapid  development 
of  very  high  pressure  in  the  surrounding  medium.  This  trans¬ 
formation  will  create  more  stable  compounds,  accompanied  by  a 
considerable  and  rapid  rise  in  pressure.  The  generation  of  a 
larger  volume  of  gas  than  originally  present  and  by  the  evo¬ 
lution  of  large  quantities  of  heat  and  other  forms  of  energy 
causes  this  rapid  rise  in  pressure  with  consequent  expansion 
of  the  surroundings.  The  transformation  accomplishes  work  of 
a  useful  or  destructive  character,  depending  on  the  measure 
of  control  exercised  over  the  reaction.  Modern  military  and 
commercial  explosives  include  three  (3)  fundamental  types, 
namely;  mechanical,  chemical  and  atomic.  This  MANUAL  will 
discuss  only  the  chemical  explosives. 

Ammunition  is  defined  as  “all  the  components,  and  all 
explosives  In  any  case  or  contrivance  prepared  to  form  a 
charge,  complete  round  or  cartridge  for  cannon,  howitzer,  mor¬ 
tar,  small  arms  or  for  any  other  weapon,  torpedo  warhead,  mine, 
bomb,  depth  charge,  demolition  charge,  fuse,  fuze,  detonator, 
projectile,  grenade,  guided  missile  and  rocket,  all  signalling 
and  illuminating  pyrotechnic  materials;  and  all  chemical  war¬ 
fare  materials. " 

This  Section  lists  many  of  the  types  of  explosives  and 
ammunition  used  in  the  rocket  and  missile  programs  and  elabo¬ 
rates  on  those  in  use  at  Cape  Canaveral. 

The  chemical  explosives  included  in  this  Section  consist 
of  four  (4)  types: 
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1.  Low  or  deflagrating  explosives 

2.  Solid  propel lants 

3.  Pyrotechnic  compositions 

4.  High  or  detonating  explosives 

The  distinction  between  low  explosives  and  high  explosives 
is  not  clearly  defined.  A  few  low  explosives  under  proper  con¬ 
ditions  of  fineness  and  packing  confinement  may  detonate  upon 
ignition,  while  a  few  high  explosives  when  unconfined  or  com¬ 
pressed  under  very  extreme  pressures  may  simply  bum  when 
ignited  by  a  flame.  Also  many  texts  classify  solid  propel¬ 
lants  as  low  explosives,  however,  in  this  MANUAL  solid  propel¬ 
lants  will  be  treated  as  a  separate  entity  because  of  the  many 
new  developments  in  propellant  compositions. 

Black  powder  and  squib  compositions  will  be  discussed  as 
low  explosives,  while  high  explosives  will  Include  the  primary 
and  secondary  explosives.  A  brief  treatise  of  pyrotechnic  com¬ 
positions  will  also  be  presented. 

The  dissertation  on  ammunition  will  include  igniters, 
ordnance-explosive  devices,  rockets  and  rocket  motors. 

A  continuous  change  of  conditions  and  situations  in  several 
fields  of  science  and  engineering  requires  many  different  types 
of  explosives.  The  operational  levels  and  burning  character¬ 
istics  of  these  explosives  range  from  the  low-pressure  explo¬ 
sives  (black  powder  and  propellants)  to  the  highest  high-pressure 
explosives  (dynamites  and  high  explosives).  Therefore,  a  great 
variety  of  explosives  have  been  designed  sad  used  in  the  various 
scientific  fields.  It  has  been  possible  to  fulfill  the  many 
needs  for  explosives  that  require  specific  characteristics  by 
using  only  a  relatively  few  explosives  and  chemical  ingredients. 
This  task  has  been  accomplished  by  combining  different  combin¬ 
ations  of  ingredients  that  exhibit  different  physical  proper¬ 
ties  (density,  granulations,  etcetera). 

Many  of  the  explosives  and  ingredients  shown  in  Table  2-1 
have  been  mixed  or  consolidated  with  a  chemical  additive  to 
produce  the  many  new  high-energy  solid  fuels  being  used  in 
the  rocket  and  missile  fields. 
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TABLE  2-1  -  COMMON  EXPLOSIVES  AND  INGREDIENTS 


Military  Uses 

Commercial  Uses 

LOW  EXPLOSIVES 

Smokeless  Powder,  Nitrocotton 
Black  powder  (potassium  citrate, 
sulfur,  charcoal) 

DNT  ( dinit rotoluene) 
Nitroguanidine 

Smokeless  powder 
Nitrocotton 

DNT  (dlnitrotoluene) 

Black  powder  (sodium 
nitrate,  sulfur,  char¬ 
coal) 

PROPELLANTS 

Single-base  propellants: 
Pyrocellulose  powder 

Ethyl  cellulose  powder 

Flashers  and  smokeless  powder 
Small  arms  powder 

Double-base  propellants: 

Rolled  powder 

Cordite  powder 

Nitroguanidine  (triple  base) 
Uultl-and  single-perforated 
stick  powders 

Balllstlte  powder 

Ball  powder 

Cast  double-base  propellants 

Very  few  propellant 
compositions  are  used 
in  the  commercial  ex¬ 
plosive  field 

Composite  propellants: 
Polysulfide- Perchlorate 
Polyurethane- Perchlorate 

PVC  Plastlsol-Parchlcrate 
Polyester-Perchlorate 
Butadiene-LTP- rubber 
nitrate 
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TABLE  2-1  -  COMMON  EXPLOSIVES  AND  INGREDIENTS  (Continued) 


Military  Dees 


Commercial  Uses 


PYROTECHNIC  COMPOSITIONS 

t 

Illuminating  projectiles 

Illuminating  projectiles 

Trip  flares 

Airport  flares 

Airport  flares 

Aircraft  landing  flares 

Parachute  flares 
Reconnaissance  flares 
Aircraft  landing  flares  . 
Bombardment  flares 

Photoflash  bombs 

Pfactofl&sh  cartridges 
Pyrotechnic  signals 

Tracers 

Communicat ions 

Smoke  signals 

Simulated  ammunition 

Pyrotechnic  signals 

PRIMARY  OR  INITIATING  HIGH  EXPLOSIVES 

Mercury  Fulminate 

Mercury  Fulminate 

Lead  Azide 

Lead  Azide 

Diazodinitrophenol  (BDNP) 

Diazodinitrophenol 

Lead  Styphnate 

Lead  Styphnate 

Nitromannite 

Nitromannite 

TABLE  2-1  -  COMMON  EXPLOSIVES  AND  INGREDIENTS  (Continued) 


Militax*y  Uses  I  Commercial  Uses 


SECONDARY  HIGH  EXPLOSIVES 

TNT  (trinitrotoluene)  (Bursting) 

- 

NG  (nitroglycerin) 

Tetryl  (trinitrophenylethyl- 

AN  (ammonium  nitrate) 

nitramine)  (Booster) 

RDX  (cyciotriaethylenetri- 

TNT 

nitraaine)  (Bursting) 

PETN  (pent aery thritol 

DNT 

tetr&nitrate)  (Booster) 

Ammonium  Nitrate 

Nltrostarcb 

Ammonium  Picrate  (explosive  D) 

PETN 

(Bursting) 

Picric  Acid  (trinitrophenol) 

Tetryl 

DNT  ( dinit rotoluene) 

EDNA  (ethylenedicmine- 
dinitrate) 

NON-EXPLOSIVE  INGREDIENTS 

Aluminum 

Metal  Nitrates 

Waxes 

Metals  (aluminum  ferro- 
silicon) 

Diphenylamine 

Wood  pulps,  metals,  other 
combustibles 

Metal  nitrates 

Paraffin,  other  hydro¬ 
carbons 

Mononitrotoluene 

Chalk,  dlphenylamine, 

wax,  sulfur,  carbon 

II.  EXPLOSIVE  TRAIN 


The  explosives  used  in  rocket  motors  must  be  comparatively 
insensitive  to  impact  in  order  to  insure  safe  handling  in  trans¬ 
it  and  storage.  Sensitive  explosives,  that  can  be  detonated  by 
the  impact  of  a  firing  pin  or  an  electric  charge,  generally  are 
safe  to  handle  when  they  are  in  small  quantities,  highly  com¬ 
pressed  and  enclosed  in  a  metal  capsule.  They  are  used  in  that 
form  in  fuzes  and  primers.  The  small  spit  of  flame  from  a 
primer  will  not  fully  detonate  a  large  charge  of  comparatively 
insensitive  explosive,  therefore,  it  is  necessary  to  interpose 
a  medium  quantity  of  explosive  of  medium  sensitivity.  Explo¬ 
sive  charges  arranged  in  the  order  of  very  sensitive  to 
medium  sensitive  to  insensitive  explosives  constitute  an 
explosive  train. 

The  low  explosive  or  propelling-explosive  charge  train  in 
a  rocket  motor  consists  of  the  primer,  igniter  and  propelling 
charge.  This  type  of  explosive  train  is  used  for  the  ejection 
or  propulsion  of  a  body  or  a  missile  from  a  launching  location. 
It  is  also  used  in  small  arms,  cannon  and  artillery  ammunition. 

Frequently  in  missile  armaments  or  jet  propulsion  weapons, 
such  as  rockets  and  JATOS,  a  series  of  explosive  elements 
including  primer,  detonator  and  booster  make  up  the  igniter. 

The  igniter  and  propelling  charge  comprise  the  explosive  train. 

A  bursting-charge  explosive  train,  which  usually  makes  up 
the  warhead,  consists  essentially  of  a  primer,  a  detonator,  a 
booster  and  the  bursting  charge.  A  delay  element  sometimes  is 
included  in  the  fuze  to  meet  requirements  for  delay  action. 

Figure  2-1  illustrates  various  types  of  explosive  trains. 
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III.  LOW  EXPLOSIVES 


A.  General 

The  difference  between  the  various  types  of  explo- 
sives  Is  based  primarily  upon  their  relative  speed  of 
decomposition.  A  group  of  explosives,  classified  as  low 
explosives,  is  the  result  of  controlling  combustion  speeds 
by  means  of  granulation,  loading  density  and  confinement 
(surrounding  pressure). 

Low  explosives  are  mostly  solid-combustible  masses 
that  will,  upon  ignition,  exhibit  a  burning  action  rarely 
exceeding  0.25  meters  per  second  and  will  not  normally 
explode.  The  action  of  slow  burning  of  the  solid  combus¬ 
tibles  without  shattering  or  exploding  is  termed  "deflag¬ 
ration."  Low  explosives  are  frequently  referred  to  as 
"deflagrating"  explosives. 

The  burning  phenomenon  of  low  explosives  does  not  pro¬ 
ceed  through  the  mass  of  the  material  but  burns  in  layers 
parallel  to  the  surface  until  all  the  material  is  consumed. 
Large  volumes  of  gas  evolve  in  a  definite  and  controllable 
manner.  The  burning  phenomenon  and  decomposition  of  high 
explosives  is  instantaneous  and  produces  a  shattering 
effect.  In  low  explosives  only  a  slight  shattering  effect 
is  exhibited. 

The  principal  characteristics  of  low  explosives  are: 

1.  Controlled  burning  rate 

2.  Instantaneous  ignition  and  slow  combustion 

3.  Stability  over  extended  periods  of  storage 

4.  Balanced  formulation  for  complete  combustion 
producing  a  minimum  residue  and  weapon 
erosion 

5.  Minimum  toxicity  and  explosion  hazard 

6.  Capability  of  withstanding  mechanical 
shock  incident  to  handling,  loading, 
transporting  and  storage. 

B.  Black  Powder 

1 .  General 

The  oldest,  best  known  and  most  widely  used  low 
explosive  is  black  powder.  Black  powder  is  class¬ 
ified  as  a  low  or  deflagrating  explosive.  It  is 
differentiated  from  high  or  detonating  explosives 
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because  of  its  progressive  slow  burning  over  s 
relatively  sustained  period  of  time  in  contrast  to 
detonating  explosives  that  decompose  practically 
instantaneously.  Black  powder  is  the  generic  name 
applied  to  an  intimate,  uniform  mechanical  mixture 
of  charcoal,  sulfur  and  potassium  nitrate.  The 
term  "black  powder"  also  includes  compositions  of 
bituminous  coal  instead  of  charcoal  and  sodium  ni¬ 
trate  In  place  of  potassium  nitrate. 

Previous  to  the  development  of  nitrocellulose  pro¬ 
pellants,  black  powder  consisting  of  potassium  ni¬ 
trate  was  the  only  propellant  and  explosive  avail¬ 
able.  Potassium  nitrate  is  used  in  most  military 
black  powders.  While  no  longer  used  as  a  military 
propellant,  black  powder  finds  application  in  the 
ignition  of  smokeless  powder,  time  fuzes,  saluting 
charges,  squibs,  smoke-puff  charges  and  catapult 
charges.  The  commercial  black  powder  containing 
sodium  nitrate  is  used  in  igniters  for  rockets, 
JATOS  and  missile  boosters  and  sustainers. 

2.  Composition 

The  composition  of  black  powder  containing  potas¬ 
sium  nitrate,  charcoal  and  sulfur  has  remained 
essentially  unchanged  for  400  years.  Any  modifi¬ 
cation  of  the  Ingredients  in  proportionate  quanti¬ 
ties  of  75:15:10  has  been  found  to  result  in  the 
powder  burning  more  slowly  or  producing  less  ef¬ 
fect.  Standard  black  powder  contains  seventy-five 
(75)  per  cent  potassium  nitrate,  fifteen  (15)  per 
cent  charcoal  and  ten  (10)  per  cent  sulfur.  Its 
auto-combustion  yields  nitrogen,  carbon  dioxide, 
carbon  monoxide,  potassium  carbonate,  potassium 
sulfate  and  potassium  sulfide. 

3.  Properties 

a.  Form  and  Appearance 

Black  powder  varies  in  form  and  appearance  from 
a  very  fine  black  powder  to  dense  pellets. 

These  pellets  may  be  black  or  have  a  grayish- 
black  color  because  of  a  polished  graphite- 
glazed  surface. 

b.  Granulations 

Military-black  powder  is  manufactured  in  » 
range  of  grain  sizes.  Each  is  Identified  by 
designation,  grade,  symbol  or  name. 

c.  Ignition 

Black  powder  ignites  spontaneously  at  approxi- 
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mately  300°C  (540°F) .  It  develops  temperatures 
of  combustion  from  2,300°  to  3,800°C  (4,172° 
to  6,872°F).  These  high  temperatures  cause 
erosion  in  the  bore  of  weapons.  Black  powder 
is  hygroscopic  and  subject  to  rapid  deteriora¬ 
tion  when  exposed  to  moisture.  If  kept  dry, 
it  retains  its  explosive  properties  indefi¬ 
nitely.  It  is  one  of  the  most  dangerous 
explosives  to  handle  because  of  its  sensi¬ 
tivity  and  ease  of  ignition  from  heat, 
friction,  spark,  flame  or  shock. 

d.  Burning  Rate 

The  type  of  charcoal  used  in  the  manufacture 
of  black  powder  affects  the  burning  rate  of 
the  powder.  Black  powder  burns  much  more 
rapidly  when  made  from  willow  or  alder  char¬ 
coal  than  from  oak  charcoal.  Increase  in  the 
percentage  of  nitrate,  with  corresponding 
decrease  in  percentage  of  charcoal,  causes  a 
decrease  in  the  burning  rate. 

e.  Sensitivity 

Black  powder  is  less  sensitive  than  tetryl, 
as  proved  by  impact  tests  and  undergoes  no 
ignition  in  the  pendulum  friction  test  with 
a  steel  shoe.  In  the  sand  test  it  crushes  no 
sand  when  ignited  by  a  flame  and  only  eight 
(8)  grama  when  initiated  by  tetryl  or  PETN. 
Having  an  explosion-temperature  test  value  of 
457 *C  it  is  also  relatively  insensitive  to 
non- radiant  heat  energy.  Its  high  degree  of 
accidental  explosion  hazard  is  attributable 
to  its  great  sensitivity  to  ignition  by  flame, 
Incandescent  particles  or  electric  spark. 

The  ballistic  pendulum  test  shows  black  powder 
to  be  fifty-five  (55)  per  cent  as  powerful  as 
TUT  but  efforts  to  detonate  it,  by  means  of  a 
booster  explosive,  have  resulted  in  a  maximum 
rate  of  decomposition  approximately  equal  to 
400  meters  per  second. 

f.  Stability  and  Hygroscopicity 

Black  powder  is  very  stable  in  the  absence  of 
moisture.  Its  ingredients  are  non-reactlve 
with  each  other  even  when  damp  or  wet.  How¬ 
ever,  black  powder  when  in  contact  with  either 
copper,  brass  or  steel  and  in  the  presence  of 
moisture  will  cause  a  reaction  between  the 
metals  and  the  black  powder  ingredients.  This 
reaction  forms  side  compounds  that  eventually 
produce  Instability. 
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Heating  black  powder  above  70°C  causes  a 
rapid  increase  in  the  volatility  of  the 
sulfur  and  results  in  a  change  of  composition 
and  uniformity. 

Black  powder  is  undesirably  hygroscopic  be¬ 
cause  of  the  porosity  of  charcoal  or  bitumi¬ 
nous  materials  and  the  nitrates. 

When  used  for  military  purposes  black  powder 
is  required  to  contain  less  than  0.7  per  cent 
moisture  and  is  usually  dried  so  that  it  con¬ 
tains  only  0.2  to  0.3  per  cent  moisture  before 
loading. 


4.  Uses 

Although  black  powder  has  been  replaced  by  single¬ 
base,  double-base  and  composite  propellants,  it  is 
used  in  several  grades  in  the  following  categories: 

a.  Primers  and  igniters  for  artillery  shells 

b.  Delay  elements  in  fuzes 

c.  Expelling  charges  for  base-ejection  smoke 
shells,  illuminating  shells  and  pyrotechnics 

d.  Saluting  and  blank-fire  charges 

e.  Smoke-puff  and  spotting  charges  for  practice 
ammunition 

f.  Bursters  in  incendiary  ammunition 

g.  Burster  charges  for  explosive  shells 

h.  Safety  fuzes 
1 .  Quick-match 

j.  Spotting  charges  for  practice  bombs  and  shells 
and  sub-caliber  shells 

k.  Time- train  rings  in  time  and  combination 
fuzes 

l.  Igniters  in  jet  propulsion  units 
a.  Blasting  operations. 

C.  Squib  Compositions 

Military  squibs  or  low-explosive  squibs  function 
from  the  heat  developed  by  an  electrical-resistance 
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wire.  This  heat  nay  Ignite  a  charge  of  black  powder 
nade  from  potassium  nitrate,  sodlua  nitrate  or  an 
Ignition  composition  containing: 


Per  cent 


Potassium  Chlorate 

58 

Diazodinitrophenol 

40 

Nit rost arch 

2 

Also  frequently  used  is  the  following  aatchhead 
composition: 

Potassium  Chlorate 

30 

Antimony  Sulfide 

20 

Dextrin 

50 

These  compositions  may  be  used  to  ignite  the  main 
charge  of  black  powder. 
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IV.  SOLID  PROPELLANTS 


A.  General 

Solid  propellants  contain  the  necessary  chemical  in¬ 
gredients  for  combustion  or  the  conversion  of  their  chem¬ 
ical  energy  to  useful  kinetic  energy.  One  of  the  ingre¬ 
dients  is  a  fuel  and  the  other  material  is  called  an 
"oxidizer. "  By  Beans  of  combustion,  heat  energy  is 
released  which  is  eventually  converted  to  kinetic  energy 
of  the  reaction  products.  The  kinetic  energy  can  be 
controlled  to  propel  a  solid  body,  a  projectile,  rocket 
or  bullet. 

A  solid  propellant  used  to  effect  propulsion  must  be 
composed  in  a  manner  that  will  be  compatible  with  the 
requirements  of  the  missile  system.  In  evaluating  and 
comparing  solid  propellant  properties,  the  following  are 
considered  important  and  desirable: 

1.  A  high  release  of  chemical  energy 

2.  A  low  molecular  weight  of  the  combustion  products 

3.  Should  be  stable  and  should  not  deteriorate 
chemically  or  physically  during  storage  for  long 
periods  of  time 

4.  High  density 

5.  Should  be  unaffected  by  atmospheric  conditions 

6.  Should  not  be  subject  to  accidental  ignition 

7.  Should  have  high  physical  strength  properties 

8.  Should  have  a  small  coefficient  of  thermal 
expansion 

9.  Should  be  chemically  inert  during  storage  and 
operation  and  should  not  require  special  mate¬ 
rials  for  chamber  or  nozzle  construction 

10.  Should  lend  Itself  readily  to  production  and 
have  desirable  fabrication  properties 

11.  The  performance  properties  and  fabrication 
technique  should  be  relatively  Insensitive  to 
impurities 

12.  A  low  temperature  sensitivity  is  desirable 

13.  The  exhaust  gas  should  be  smokeless 

14.  8hould  lend  itself  readily  to  bonding  to  the 
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metal  parts,  to  the  application  of  inhibitors, 
to  different  production  techniques  and  should 
be  amenable  to  the  use  of  a  staple  igniter 

15.  The  exhaust  should  be  non- luminous  and  non-toxic 

16.  The  method  of  preparation  should  be  staple 

17  The  conductivity  and  specific  heat  should  be 
&uch  as  to  control  heat  transfer  of  the  grain 

18.  The  propellant  grain  should  be  opaque  to 
radiation 

19.  The  propellant  should  resist  erosion. 

Solid  propellants  are  usually  considered  to  undergo 
a  change  by  burning  only,  however,  they  can  also  be 
detonated.  The  ease  of  detonation  depends  upon  the 
physical  state  of  the  propellant. 

B.  Classification 

Solid  propellants  are  classiflea  by  their  composition 
into  three  (3)  general  ty;  is  as  follows: 

1.  Single- base  Propellant  or  MonopropeHaat 

A  single-base  propellant  or  aonopropullant  is  a 
single,  stable  chemical  compound  that  does  not 
require  ah  "eddied  oxidizer  but  decomposes  to 
furnish  it#  own  oxidizer  and  reducing  agent.  At 
elevated  temperatures  and  pressures  these  pro¬ 
pellants  decompose  sad  convert  the  heat  of 
decomposition  into  kinetic  energy. 

Many  moaopropsllaats  have  been  developed  but  the 
pure  monopropo Hants  have  limited  use  because  of 
poor  stability.  Nitrocellulose,  a  nitrated  raw- 
cotton,  is  the  ?*>ei  widely  used  monopropellant 
but  possesses  poor  stability.  At  normal  tempera¬ 
tures  pure  nitrocellulose  decomposes  slowly  and 
in  time  cecomposit ion  is  complete.  However,  with 
the  vise  of  chemical  additives,  nitrocellulose  is 
quite  useful  as  a  single-base  or  mono pro pel lent . 

Other  single-base  propellants  or  wonopropel lasts 
(liquid  and  solid)  being  used  are:  ammonium 
nitrate,  mercury  fulminate,  pyro-nltrocellulose 
(pure),  nitroglycerin,  nltromannite,  picric  acid, 
nitrocellulose  powders,  f lashless-non-hygroscopic 
(FWH)  powders,  Don-hygroscopic  (MB)  powders  and 
ethyl  cellulose  (EC)  powders. 
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2.  Double-base  or  Homogeneous  Propellant 


A  double-base  or  homogeneous  propellant  is  a 
single  composition  or  colloidal  phase  of  oxidizer 
and  reducing  agent.  This  propellant  class  is 
often  called  colloidal  powder. 

Many  of  the  pure  monopropellants  have  been  blended 
or  compounded  into  double-base  or  homogeneous  pro¬ 
pellants.  This  is  true  of  nitrocellulose  and  nitro¬ 
glycerin  blending.  Stabilizers,  plasticizers  and 
other  organic  01  inorganic  additives  are  consoli¬ 
dated  to  improve  the  properties  of  double-base 
propellants. 

Typical  double-base  propellants  now  in  use  are  the 
cordite  series  propellants,  ballistite,  "ball  pro¬ 
pellants,"  double-base  cast  propellants,  mortar 
powders,  small  arms,  cannon  and  rocket  propellants. 

3.  Composite  or  Heterogeneous  Propellants 

Composite  or  heterogeneous  propellants  include 
compositions  in  which  the  oxidizer  and  reducing 
agent  are  separate  entities.  A  composite  propel¬ 
lant  may  be  a  mechanical  mixture  of  finely  powder¬ 
ed  materials  with  a  binding  agent.  Gunpowder  is 
a  composite  propellant  with  potassium  nitrate  as 
the  oxidizer.  Carbon  is  the  reducing  agent  and 
sulfur  is  a  combination  of  binder  and  reducing 
agent.  "he  GALCIT  propellant  contains  an  asphalt- 
oil  cr  asphalt-resin  as  a  combination  fuel  binder. 
The  use  of  light  metal  perchlorates  and  nitrates, 
ammonium  perchlorate  and  nitrate,  smokeless  pro¬ 
pellants  and  lithium  perchlorate  has  indicated 
high  performance  composite  propellants. 

More  than  one  million  organic  compounds  are  known 
to  he  uued  as  reducing  agents  indicating  an  untold 
number  of  the  possible  composite  propellants  that 
may  be  produced.  Also,  with  the  advances  in  the 
fields  of  plastics,  resins,  polymers  and  related 
fuel  binders,  the  possibilities  of  numerous  new 
composite  propellants  are  astounding. 

It  is  anticipated  that  a  suitable,  pure  mono- 
propellant  may  eventually  be  synthesized,  how¬ 
ever,  it  appears  that  a  more  versatile  composite 
propellant  will  result  by  compounding  an  oxidizer 
and  a  reducing  agent  to  produce  the  desired  bal¬ 
listic  and  physical  properties  for  the  ideal 
propellant. 


C.  Uses 


Single-base  or  monopropellant  compositions  are  used 
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as  cannon  and  small  arms  powder,  propellants,  grenades, 
blasting  powders,  dynamites  and  combination  mixtures  for 
double-base  propellants.  Double-base  or  homogeneous  pro¬ 
pellants  can  also  be  used  as  cannon  or  small  arms  propel¬ 
lants,  mortars,  rockets  and  jet  propulsion  units.  The 
composite  compositions  are  used  in  rocket  assemblies  and 
jet  propulsion  units.  The  choice  of  a  propellant  for  a 
specific  use  is  determined  by  ballistic  and  physical  re¬ 
quirements,  rather  than  on  the  basis  of  composition. 

However,  a  given  composition  may  be  suitable  for  use  in 
several  different  applications. 

D.  Form 

Solid  propellants  are  manufactured  in  the  form  of 
flakes,  balls,  sheets,  cords  or  perforated  cylindrical 
grains.  The  cords  and  cylindrical  grains  are  produced  in 
various  diameters  and  lengths  and  may  be  extruded,  molded 
or  cast.  Numerous  shapes  are  used  to  obtain  various  burn¬ 
ing  surfaces.  The  burning  surface  area  is  determined  by 
grain  configurations  that  may  include  either  perforations 
(single  or  multiple),  or  star,  rosette,  cruciform  and 
slotted  designs.  Figure  2-2  illustrates  several  of  the 
various  forms  and  shapes  of  solid  propellants. 

£.  Burning  Action 

Unconfined  propellants  burn  relatively  slow  and  smooth. 
When  confined  the  burning  rate  increases  greatly  with  tem¬ 
perature  and  pressure.  The  burning  of  each  confined  propel¬ 
lant  composition  exerts  a  build-up  pressure  and  each  com¬ 
bustion  chamber  possesses  a  pressure  limit  less  than  the 
chamber-eruption  pressure.  Therefore,  the  burning  surface 
of  any  solid  propellant  within  an  engine  must  be  controlled 
in  order  that  the  permissible  chamber  pressure  will  not  be 
exceeded.  At  any  given  pressure  the  rate  of  burning  is 
proportionate  to  the  propellant  surface  free  to  burn  and 
the  area  of  the  throat  of  the  engine  nozzle.  For  this 
reason  solid  propellant  grains  are  manufactured  into 
definite  sizes,  shapes  and  configurations. 

Any  form  of  grain  that  presents  a  decreasing  surface 
area  during  combustion  is  termed  a  degressive  burning 
grain.  Grains  that  present  an  increasing  surface  area  as 
combustion  progresses  are  termed  progressive  burning 
grains.  Since  tubular  or  single  perforated  grains  show 
only  slight  change  of  surface  area  during  combustion,  they 
are  usually  referred  to  as  neutral  burning  grains.  Figure 
2-3  illustrates  the  comparative  burning  rates  and  types  of 
burning  of  different  shaped  propellant  grains. 

Cord  and  strip  forms  of  propellant  present  degressive 
burning  because  the  surface  of  the  grain  decreases  during 
combustion. 
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FIG.  2-3:  COMPARATIVE  BURNING  RATES  OF  DIFFERENT  SHAPED  PROPELLANT  GRAi 


When  multi- perforated  grains  burn  the  total  surface 
area  increases.  This  is  caused  by  simultaneous  inside 
and  outside  burning.  As  these  grains  burn,  incomplete 
consumption  of  the  unburned  propellant  remains.  This 
unburned  propellant  is  called  slivers  and  may  be  consumed 
by  afterburning  in  the  bore  of  the  weapon  or  the  combus¬ 
tion  chamber  of  a  rocket. 

Single-perforated  propellant  grains  exhibit  neutral 
burning.  As  the  grain  burns  the  outer  surface  decreases 
and  the  inner  surface  increases.  The  result  of  the  two 
actions  causes  the  total  surface  to  remain  approximately 
the  same  in  area. 

F.  Compositions 

1.  Single-base  Compositions 

The  majority  of  single-base  compositions  contain 
a  high  percentage  of  nitrocellulose  as  the  main 
ingredient.  Flow  Sheet  No.  1  describes  the  manu¬ 
facture  of  nitrocellulose.  In  addition  to  a 
stabilizer,  single-base  compositions  may  contain 
inorganic  nitrates,  nitro-compounds  and  non¬ 
explosive  materials  as  metallic  salts,  metals, 
carbohydrates  and  dyes. 

The  nitrocellulose  is  gelatinized  by  means  of 
solvent  mixtures  (ether-alcohol,  alcohol-benzene 
or  acetone-alcohol).  A  stabilizer  (diphenylamine, 
2-dinitrodiphenylamine,  ethyl  centralite,  etc.) 
is  consolidated  into  the  gelatinized  nitrocellu¬ 
lose  and  the  mixture  can  be  extruded  into  cord, 
single-perforated  or  multi-perforated  form.  The 
additives,  such  as  the  non-organic  compounds, 
are  incorporated  before  extrusion  and  render  the 
propellants  flashless,  non-hygroscopic  and/or 
smokeless. 

In  the  single-base  compositions,  the  organic  mate¬ 
rials  di nit ro toluene  and  trinitrotoluene  act  as 
gelatinizing  and  moisture-proofing  agents  and  con¬ 
tribute  some  ballistic  potential.  Dibutylphthalate 
and  triacetin  are  also  gelatinizing  and  moisture¬ 
proofing  agents  but  contribute  no  ballistic  poten¬ 
tial.  However,  they  aid  in  rendering  the  composi¬ 
tion  flashless.  Potassium  sulfate,  tin  and 
cryolite  serve  as  flash- reducing  agents  and  the 
diphenylamines  and  ethyl  centralite  act  as  stabil¬ 
izers.  Tin  also  acts  as  an  anti-fouling  and  a 
de-coppering  agent. 

Most  single-base  propellants  are  manufactured  in 
a  sequence  of  processes  that  involves  ten  (10)  or 
more  operations  (see  Flow  Sheet  No.  2).  The  wet 
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OPERATION 

FLOW  SHEET  NO.  I 


MANUFACTURE  OF  NITROCELLULOSE 
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nitrocellulose  is  dehydrated  after  the  moisture 
content  has  been  reduced  by  mechanical  wringing 
(spin  type)  to  approximately  twenty-eight  (28) 
per  cent.  Further  dehydration  is  accomplished 
by  compressing  (hydraulic  block-press)  the  nitro¬ 
cellulose  into  a  block  at  low  pressure  (1200-1700 
psi)  eliminating  most  of  the  water  by  flowing 
ninety-five  (95)  per  cent  ethanol  through  the 
block  under  3500  psi  pressure.  A  block  containing 
approximately  twenty-five  (25)  pounds  of  dry  nitro¬ 
cellulose  and  about  eight  (8)  pounds  of  ninety  (90) 
per  cent  ethanol  is  obtained.  The  block  is 
broken  into  small  lumps  by  means  of  a  rotating 
drum  containing  iron  prongs  and  a  screen.  The 
broken  nitrocellulose  is  then  transferred  to  a 
water-cooled  mixer  of  the  dough-mixer  type.  Dur¬ 
ing  this  operation  ether  equal  to  approximately 
two-thirds  (2/3)  of  the  weight  of  dry  nitrocellu¬ 
lose  is  added.  Any  plasticizing  agents  and 
stabilizers  to  be  included  in  the  composition  are 
dissolved  in  or  mixed  with  the  ether  prior  to  its 
addition  to  the  nitrocellulose.  After  addition 
of  the  ether,  materials  such  as  potassium  sulfate 
are  added.  Mixing  of  the  ingredients  is  continued 
for  about  one  (1)  hour.  This  produces  a  partial 
colloidal  solution  that  resembles  dry  oatmeal  in 
appearance.  This  solution  is  pressed  at  approxi  • 
mately  3000  psi,  to  form  a  block,  thereby  rapidly 
increasing  the  degree  of  colloiding.  The  colloid- 
ing  effect  is  further  increased  and  uniformity  of 
the  mixture  is  improved  by  subjecting  it  to  a 
pressure  of  about  3500  psi  in  a  macaroni  press. 

The  material  is  squeezed  through  a  series  of 
screens  and  perforated  plates  and  emerges  in  a 
form  resembling  that  of  macaroni.  This  macaroni 
block  is  placed  in  a  graining  press  and  extruded 
through  an  accurately  designed  die  attached  to  a 
hydraulic  ram.  The  pressure  is  between  2500  and 
3900  psi.  The  material  emerges  as  a  cord  with  one 
(1)  or  more  cylindrical  perforations.  By  means  of 
a  cutting  machine  the  cord  is  cut  into  pieces  of 
predetermined  length.  Removal  of  the  volatile 
solvent  with  shrinkage  of  the  grains  to  their 
final  dimensions  is  accomplished  in  three  (3) 
operations.  In  the  solvent  recovery  operation 
the  propellant  is  placed  in  a  large  tank  and  warm 
air  or  other  gases  are  passed  through  the  mass. 

With  careful  control,  to  prevent  surface-harden¬ 
ing,  the  temperature  of  the  air  is  gradually 
increased  to  not  more  than  65°C.  The  solvent 
recovery  operations  require  from  2  to  14  days, 
depending  upon  the  size  of  the  grain.  This  pro¬ 
cess  reduces  the  solvent  content  to  approximately 
six  (6)  per  cent.  The  "water-dry"  operation 
consists  of  placing  the  partially  dried  propellant 
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in  water  at  approximately  25°C  and  gradually  in¬ 
creasing  the  temperature  to  a  maximum  of  55 °C. 

After  several  days  (2  to  6),  the  residual  solvent 
is  reduced  to  0.3  to  5.0  per  cent  depending  upon 
the  grain  size.  The  propellant  is  air  dried  to 
remove  surface  moisture  and  screened  to  remove 
dust  and  grain  clusters.  The  final  operation 
before  packing  is  to  blend  all  the  powder  in  a 
lot,  which  may  vary  from  50,000  to  500,000  pounds 
depending  on  the  type  of  powder.  This  is  accom¬ 
plished  by  transferring  the  powder  from  one  bin 
to  another  by  gravity  flow,  the  bins  being  conical 
in  shape.  This  blending  improves  uniformity  of 
the  lot  with  respect  to  average  composition  and 
external  moisture  content.  Glazing  with  graphite 
can  be  accomplished  during  the  screening  procedure. 
The  graphite  glaze  is  added  to  facilitite  the 
uniform  action  of  automatic  loading  machines  and 
to  avoid  the  development  of  large  static  electrical 
charges  during  blending  and  loading. 

Typical  formulations  of  single-base  propellants 
are  listed  in  Table  2-2. 

2.  Double-base  Compositions 

Double-base  propellants  usually  contain  nitrocel¬ 
lulose  and  nitroglycerin  as  the  major  ingredients. 
In  some  compositions  diglycol  dinitrate  or  penta- 
erythritol  trinitrate  are  used  as  a  combined  fuel- 
oxidizer  in  place  of  nitroglycerin.  These  major 
ingredients  are  accompanied  by  one  or  more  inor¬ 
ganic  or  organic  compounds  that  insure  stability, 
reduce  flash  or  flame  temperature  (or  both)  and 
improve  ignit ability.  Other  ingredients  are  added 
to  aid  processing,  curing  and  the  physical  and 
ballistic  properties  of  the  propellant. 

The  nitrocellulose  used  in  double-base  propellants 
usually  contains  12.6  per  cent  nitrogen  but  the 
nitrogen  percentage  may  fall  within  a  range  of 
12.2  to  13.25  per  cent.  The  supply  of  glycerin 
used  in  the  manufacture  of  nitroglycerin  was 
limited  for  many  years,  but  recent  developments  in 
production  of  synthetic  glycerin  have  greatly  in¬ 
creased  the  use  of  double-base  propellants  in  the 
production  of  rocket  and  JATO  solid  propellants. 

A  double-base  propellant  may  contain  39-69  per 
cent  nitrocellulose,  19-54  per  cent  nitroglycerin, 
1-29  per  cent  plasticizer,  1-3  per  cent  stabilizer, 
1  per  cent  processing  aids  and  0.0-1. 5  per  cent 
solvent. 

Generally,  double-base  propellants  are  easily 
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TABLE  2-2  TYPICAL  FORMULATIONS  OF  SINGLE-BASE 

PROPELLANTS 


Ingredients 

Percentage  by  weight 

Nitrocellulose 

1.  12.60%  N2 

2.  13.15%  N2 

3.  13.25%  N2 

84.2 

79 

76 

86.1 

— 

98.0 

97.7 

89.1 

Dinitro- 

toluene 

9.9 

— 

m 

9.9 

— 

(x) 

B 

Trinitro¬ 

toluene 

— 

15.0 

— 

— 

— 

— 

— 

Dibutyl- 

phthalate 

4.9 

— 

— 

B 

— 

— - 

B 

Triacetin 

— 

5.0 

— 

— 

— 

— 

— 

Potassium 

Sulfate 

— 

— 

— 

1.0 

0.75 

— 

Tin 

m 

m 

0.75 

- — 

Diphenyl- 

amine 

B 

B 

0.8 

— 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

(x)  Coating 


ignited,  have  high  burning  rates,  high-flame 
temperature  and  high  force  or  propulsion. 

The  solvent  process  used  for  manufacturing  double¬ 
base  propellants  is  very  similar  to  that  of 
single-base  propellants.  Flow  Sheets  No.  3  and  4 
are  typical  of  the  processes  used  in  manufactur¬ 
ing  extruded  double-base  propellants. 

The  solvent  used  is  a  mixture  of  ethanol  and  ace¬ 
tone  and  the  solvent  recovery  procedure  is 
omitted  because  of  the  hazard  involved  in  recover¬ 
ing  solvents  containing  nitroglycerin.  The 
nitrocellulose  undergoes  the  same  processing  for 
both  single-base  and  double-base  propellants  and 
is  blocked  and  shredded  by  the  same  methods. 

After  breaking  up  the  nitrocotton,  nitroglycerin 
is  added  slowly.  Then,  consolidation  of  carbon 
black,  oxidizer,  stabilizer,  plasticizer,  press 
lubricant,  solvent  and  other  additives  is 
accomplished  in  a  macerator-type  mixer.  The 
colloidal  mass  is  then  blocked,  extruded  and 
dry-cured.  In  the  case  of  cast  double-base  propel 
lants  the  base-grain  is  processed  as  single-base 
propellants.  The  base-grain  propellant  is  placed 
in  an  acetate-restrictor  mold.  Then  the  nitro¬ 
glycerin-plasticizer-stabilizer  casting  liquid 
permeates  the  base-grain  by  means  of  vacuum. 

Drying  or  curing  is  accomplished  by  the  high-heat 
plateau  method. 

Another  double-base  propellant  manufacturing 
method  is  the  non-solvent  process.  This  method  is 
used  when  the  nitroglycerin  and  any  other  colloid- 
ing  agent  constitues  approximately  forty  (40)  per 
cent  of  the  composition. 

Due  to  their  hazardous  nature,  double-base  mate¬ 
rials  are  handled  under  closely  controlled  condi¬ 
tions.  The  individual  materials  are  almost  as 
hazardous  as  the  combined  oxidizer  and  fuel  of  the 
compounded  propellant. 

Some  of  the  typical  double-base  propellant  formu¬ 
lations  are  shown  in  Table  2-3. 

3.  Composite  Compositions 

Difficulties  encountered  in  the  manufacturing  of 
double-base  propellants  for  rockets  and  JATOS  led 
to  the  development  of  the  composite  propellants. 
The  composite  propellants  are  solid,  uncolloided, 
heterogeneous,  combustible  mixtures  consisting  of 
an  organic  fuel,  an  inorganic  oxidizing  agent  and 
an  organic  binding  agent.  Composite  propellants 


2-25 


NiTAoceu.ut.ose 
AAocess  itemcMK 


0.  -j  *  a-  > 

I 

O  m 

*  I 


v> 

_  w 

Jwi-, 

Z  QC  3  X 

>°-w5 

w-j*z 

Ill! 

SSot- 

y  { I 

I  ?« 


©  o" 

o  8* 

5  old  w 
1  H  >  ® 

3  u  3 

<  -J  w  o 
UJ  <  x 

2  “g 

2  «2 

<  < 


K  v  a  * 

p  -  >- 

2  o*o 

z  z 

*  >  o  “ 

o  >  *  J 

°  S  “S 


Z  z 

□  “o* 

®*ga 

Z  CE  "*u 
Ui  ® <. 

>  O  o  a.  z 

Uift  ^2“ 

8)  o”° 

X 


V  ^  w  v? 

a:  <n  °  ” 
(£  x  *  r 

UI  1  y 
O 
M 


5*0*2 

£o|2* 

Ui  Z  *&£ 

3  ti«<8 
o  od  -  x  a 
o  —  *i 
ot  i  “- 


i  * 

v  2  w  k 
£  <E  *  u 
tE  w 
O  “•  w  x 
>Ui  (« 
*  x  «t 
UJ  <  * 

a:  U  j* 

£  “ 

CD 


©  o6? 

iI;S? 

>  <  Ok) 

UJ  UJ  £_* 
*i  2k 

i 


V) 

/, 


o  °t* 

?  h*2 

t  |jeS 

3  ?2S 

,ft  y.  » 


0o|. 

Z  K° 

a:  -  2, 
0  2* 
ts“5 

?5°2 

x 

i  C 


^  OIP 

®a-ss 

tr\  O'  ui  7. 


</>  o!ui  2 

gS||I 

ft  K  D 

“■  <  w  >  - 

J  *<* 


u 

<  j£  ► 

w  Z  -i 

:*< 

i*2 

S<x 
w  * 

>  w 


©  s 

>o*3 

K  Z  -V) 

w 

o  ^  **  * 
-j  j  ijf 
v>  ►- 


«» * 

IW,  J 

on®* 
»S  n  *- 

•  *  W  * 
nk  j  a. 


I  UI  W 

U  =  3 

v  *  '  ”  O  l. 
JU:^3^ 

o  fii  2** 

*  zi  *Z 

t  <*!  ° 

ZS  « 


p 

IN 

1C  ACl 

ACID 

3M 

>5 

k-  <r 

*  ;  t>  < 

UI  3  Sf 

1  * 

P  u  K  N 

> ;  J  *»  O 

2  uj 

-»  3  -  o 

O  A  Z  «* 

a 

O  U. 

X  o 

't  y 

M  z 
<t  O 
x  K- 

ShS 

*  li.  Ui 

o  </)  < 
.j  «/>  X 
Q  <  UI 

x  -j  a. 
uj  o  o 


e 

o 

1**3 

># 
U  3 

“■  *  o 

2 

U  O  ° 

5 

2  **■  o 

**  t-  Ul 

< 

®  uO 

</> 

hi  w  2 

W  I  * 

mm*- 

o 

z 

K 

o 

O 

V) 

z 

< 

K 

Ui 

-1 

u 

a. 

X 

X 

UJ 

OT 

< 

o 

< 

3 

-1 

O 

* 

Ui 

<S>5 

-j 

t  o« 

00 

*  *  a  a 

5  a 

2  o  u>  < 

<  Ui 

O  Z  K 

nr  </> 

UIOO<9 

0  £ 

in  a »- 

i®is§u 

U  O  u.  *  *  £ 

K  3?  -  LI  — 

ut  5 

HU  |s 

si!” 

u 


1*  V. 

«  3 

JJJ  *o 

!  *  -  3  a 
'1  3*0 

s°! 

2  ° 


*  2  a 

%%  5|2 

£  P  ^  5  * 

?  2  ;  x  ; 

3  «  A  * 


tr  X  W«°? 

e  1  l=sl 

(0  ?  hi  *  2  X 


•  K 

>JW* 

o  3-.3 

?  m  a.  si 

U.  w>  •  hi  o 

*  w«2S 
*>***-  2 


<1  z 

^  o 

<t  - 
I  ►- 
<  2 
Ui  u  o 

-  Cl  ►_ 

O  <n  2 
_J  V.  tc 

a.  <  uj 

x  _j  a. 

u  o  o 


2-  27 


FLOW  SHEET  NO.  4 -ALTERNATE  FINISHING  OPERATIONS  FOR  EXTRUDED  DOUBLE-BASE 

PROPELLANTS 


INGREDIENTS  Percentage  (by  weight) 


TABLE  2-3  -  TYPICAL  DOUBLE-BASE  COMPOSITIONS 


contain  neither  nitrocellulose  nor  nitroglycerin. 
These  composite  propellants  can  be  manufactured 
by  a  simple  mixing  operation  and  molded  into  a 
grain  of  a  desired  form  by  compressing  or  casting. 
These  grains  may  be  coated  on  the  surface  with 
cellulose  acetate  or  other  inhibitor  materials  to 
aid  in  controlling  the  grain  burning  action.  Flow 
Sheets  No.  5,  6  and  7  present  typical  manufactur¬ 
ing  data  for  the  production  of  composite  propel¬ 
lant  compositions.  Earlier  composite  propellants 
tended  to  become  brittle  and  crack  at  low  tempera¬ 
tures.  However,  recent  development  of  binding 
agents  less  affected  by  low  temperatures  has 
greatly  expanded  the  use  of  this  type  propellant. 

The  solid-oxidizing  agents  that  have  been  used  in 
the  solid-composite  propellants  include  ammonium 
chlorate,  nitrate,  perchlorate  and  picrate;  lith¬ 
ium  nitrate  and  perchlorate;  potassium  chlorate, 
perchlorate  and  nitrate;  sodium  chlorate,  perchlo¬ 
rate  and  nitrate. 

The  use  of  chlorates  of  ammonia,  sodium  and  potas¬ 
sium  has  decreased  because  of  their  low  oxygen 
content,  white-smoke  exhaust  and  hygroscopic it y. 
Ammonium  picrate  was  previously  used  in  composite 
propellants  but  due  to  its  toxicity,  heat  and 
shock  sensitivity,  it  is  now  seldom  used  as  an 
oxidizing  agent.  Potassium  perchlorate  is  being 
replaced  by  the  ammonium  salts.  Sodium  perchlo¬ 
rate  is  deliquescent  to  a  great  extent,  there¬ 
fore,  it  is  not  being  used. 

Lithium  nitrate  and  lithium  perchlorate  are  com¬ 
mercially  produced  and  have  been  added  to  the  in¬ 
creasing  list  of  the  better  solid-oxidizing  agents. 

Ammonium  nitrate  and  ammonium  perchlorate  are  the 
solid-oxidizing  agents  now  being  used  due  to  low 
cost,  low-combustion  temperature  and  a  less  smoke¬ 
less  flame  when  ignited. 

The  fuel  binders  used  for  composite  propellants 
include  resins,  plastics  and  organic  binders. 

The  casting  resins  include  epoxies,  epoxy-poly¬ 
sulfides,  phenolics,  polyesters,  polyethylenes, 
polysulfides,  polyurethanes  and  polyvinyl  chloride 
plastics. 

Table  2-4  indicates  a  typical  basic  composition  of 
a  solid-composite  propellant. 

The  more  common  catalytic  agents  used  to  control 
the  burning  rate  in  composite  propellants  are 
ferric  oxide,  ammonium  dichromate,  manganese  di¬ 
oxide,  Milori  Blue,  Monastrol  Blue  and  boron  salts. 
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FLOW  SHEET  NO.5  TYPICAL  FLOW  SHEET  FOR  COMPOSITE  PROPELLANTS 
POLY  SULFIDE/P  ERCHLOR  ATE,  POLYURETHANE/PERCHL  ORATE  AND  PVC  PLASTI  SOL/PER  CHLORATE  TYPES 


OXIDIZER®  |  MIXING  I  CASTING®  CURING®!  WOLD 
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FLOW  SHEET  NO.  7  -  BUTADIENE- MVP  RUBBER -N I TRATE  PROPELLANTS 


TABLE  2-4  -  TYPICAL  BASIC  COMPOSITION  OF  SOLID  COMPOSITE 
PROPELLANTS 


Percentage  by  Weight 

Ingredient 

High  Impulse 
Propellant 

Low  Impulse 
Propellant 

Oxidizer 

81.0 

70.0 

Metal  (powdered) 

2.C 

— 

Fuel  binder 

10.0 

23.0 

Catalyst 

2.3 

2.3 

Polymer  reinforcement 

2.0 

2.0 

Anti-oxidant 

0.3 

0.3 

Curing  agent 

0.4 

0.4 

Plasticizer 

2.0 

2.0 

A  fw  burning-rate  Modifiers  and  suppressors  are 
salicylates  of  lead  and  copper;  oxides  of  lead, 
copper  and  iron;  lead  resorcylate;  resorcinol; 
Melamine;  cellulose  acetate  and  magnesium  oxide. 

Coolants  and  anti-oxidants  include  Flexamine, 
Lecithin  and  Cyanoguanidine. 

Curing  accelerators,  catalysts  or  agents  used  in 
composite  propellants  are  para-quinone  dioxime 
(GMF) ,  tertiary-butyl  and  cumene  hydroperoxide, 
sulfur,  flowers-of-sulfur ,  benzyl  mercaptan, 
xylyl  mercaptan,  para-xylene  hexachloride  and 
diphenylguanidine. 

The  stabilizers  used  in  composite  propellants  in¬ 
clude  phthalates,  adipates,  sebacates,  formals, 
styrenes,  acrylates  and  a  few  acetate  derivatives. 


G.  Ingredients 


The  ingredients  used  in  the  various  solid  propellants 
are  categorized  in  accordance  to  their  function.  Table 
2-5  is  not  complete  but  contains  representative  compounds 
used  in  the  manufacture  of  single-base,  double-base  and 
composite-solid  propellants.  Also,  several  trade-name 
compounds  are  included  in  this  list  since  the  exact  com¬ 
position  is  not  known  to  the  authors. 


H.  Other  Propellant  Classifications 


Other  classifications  of  solid  propellants  include 
solvent  or  solventless  propellants  and  restricted  or 
unrestricted  propellants. 

The  solvent  propellants  Include  the  single  and  double¬ 
base  propellants  processed  with  alcohol,  ether,  acetone 
and  other  solvents  used  to  colloidize  or  consolidate  the 
ingredients. 

The  solvent less  propellants  include  the  single-base, 
double-base  or  composite  propellants  that  are  compounded 
without  use  of  solvents  such  as  alcohol,  ether  and  acetone. 
These  propellants  are  formed  by  compressing,  rolling,  cast¬ 
ing  or  binding. 

Restricted  and  unrestricted  propellants  relate  to  the 
grain  configuration,  the  encasement  and  the  rate  of  burning. 
The  restricted  propellant  grain  is  a  solid  bonded- encased 
grain  and  burns  similar  to  a  cigarette. 
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TABLE  2-5  -  INGREDIENTS  (GROUPED  3Y  PIRFORitAFCE  FUNCTION) 
USED  111  THE  MANUFACTURE  OF  SOLID  PROPELLANTS 


ASTI -OXIDANTS,  ANTI -RESONANCE 
AGENTS 

AGENTS,  COOLANTS  AND  WETTING 

Flexaaine 

I  Aerosol  CT 

Lecithin 

Uversol  Coba2t 

Aluminum 

Cobalt  Powder 

Cyanoguanidine 

1  Pentaryl  A 

British  Detergent 

l _ 

BURNING  RATE  CATALYSTS,  BURNING  RATE  MODIFIERS  AND  BURNING 

RATE  SUPPRESSORS 

i 

Ferric  Oxide 

Carbon  Slack 

Ammonium  Dichromate 

Cupric  Oxide  (CuO) 

Manganese  Dioxide 

Basic  Cupric  Salicylate 

Cupric  Chromite 

Monobasic  Cupric  Salicylate 

Boron 

Ferric  Oxide 

Calcined  Magnesia  (MgO) 

Lead  Oxide  (PbO  and  PbgO^) 
Lead  Caproate  ** 

Monastrol  Blue 

Mi lor i  31ue 

Lead  Stearate 

Epon  562 

Lead-B-Resorcylate 

Magnesium  Oxide 

Monobasic  Lead-B-Resorcylate 

Cellulose  Acetate 

Monobasic  Lead  Salicylate 

Melamine 

B-Resorcylic  Acid 

Hi-Sil  233 

Resorcinol 

CURING  CATALYST,  ACCELERATOR  OR  AGENT 

Sulfur 

para-Xylene  Hydrochloride 

Flowers  of  Sulfur 

tert-Butyl  Hydroperoxide 

Benzyl  Mercaptan 

Cumene  Hydroperoxide 

RPA-3  (Xylyl  Mercaptan 

Barium  Perchlorate 

Concentrated  in  Hydro- 

Diphenylguan idine 

carbon  Oil) 

1,4-bis  (trichloromethyl 

Lupersol-DDM 

Benzene) 

para-Qulnone  Dioxime  (GMF) 

BLE-25 

Magnesium  Oxide 

Zinc  Oxide 

EXTRUSION  OR  PROCESSING  AIDS  AND  FILLERS 

Candelilla  Wax 

Lead  Stearate 

Graphite 

Philbac  A 

Stearic  Acid 

Carbolac  I 

Castor  Oil 

Nylon  Fillers  and  Tow 
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TABLE  2-3  -  INGREDIENTS  (GROUPED  3T  PERFORMANCE  FUNCTION) 
USED  IN  THE  MANUFACTURE  OF  SOLID  PROPELLANTS  (Continued) 


FUELS  AMD  FUEL  BINDERS 

Poly sulfide  Polymers 
Polysulfide,  Ethyl-Formal 
Polymers 

Polyvinyl  Chloride  Resins 
Polybutylene  Glycol 

Diisocyanate 

Polyurethanes 

Epoxide  Resins 

Aluminum 

Asphalts 

Methyl  Acrylate 

Polybutadiene  Acrylic  Acid 

Methoxyethyl  Acrylate 
Butadiene-rubber  Nitrate 
Polymers 

I so butylene- I soprene 

mixtures  (Butyl  rubbers) 

2, -Vinyl  Pyridene 
Polymer-Resin  combinations 
Butadiene- vinyl  Pyridine 
mixtures 

Acrylonitrile 

STABILIZERS  FOR  FUEL-OXIDIZER  MIXTURES  AND  FUELS  OR  OXIDIZERS 

Nitrocellulose 

Nitroglycerin 

Nitro guanidine 

Pentaerythritol  Trinitrate 
Pentaerythritol 

Pentaerythritol  Acetate 
Propionate 

Ethylenediamine  Dinitrate 
Diglycol  Diacetate 

Diglycol  Dinitrate 
Methyl-amyl-ketone  Peroxide 
Methyl-ethyl-ketone  Peroxide 

FUEL  CURING  CATALYSTS  AND 

FUEL  VISCOSITY  ADDITIVES 

Dicyandiamide 

British  Detergent 

Ethyl  Cellulose 

OXIDIZERS 

Ammonium  Perchlorate 

Ammonium  Nitrate 

Barium  Perchlorate 

Barium  Nitrate 

Lithium  Perchlorate 

Potassium  Perchlorate 

PLASTICIZERS 

Dibasic  Lead  Phthalate 

Diethyl  Phthalate 

Dimethyl  Phthalate 

Dioctyl  Phthalate 

Dibutyl  Sebacate 

Diethyl  Sebacate 

Dimethyl  Sebacate 

Dioctyl  Sebacate 

Dioctyl  Adipate 

Butyl  Carbitol  Adipate 
Di-N-Propyl  Adipate 

Styrene 

Lechitbln  in  Styreae 

Cobalt  Octoate  in  Styrene 
Sucrose  Octoacetate 
Triacetate 

Triacetin 

Butyl  Carbitol  Formal 
Dl-H-butyltartrate 

Di- (2-ethyl  bexyl  Azelate) 
Lead-2- ethyl  Hexoate 

1,4, Butane  Diol 

N,  Butyl  Acrylate 

Triethylene  Glycol-Dlnitrate 
Castor  Oil 

Phllrich  S  (an  aromatic  oil) 
Resins 
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TABLE  2-5  -  INGREDIENTS  (GROUPED  B7  PERFORMANCE  FUNCTION) 
USED  IN  THE  MANUFACTURE  OF  SOLID  PROPELLANTS  (Continued) 
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The  unrestricted  propellant  grain,  depending  upon 
the  grain  configuration,  burns  internally,  internally- 
externally  or  externally.  This  type  of  burning  is  shown 
in  Figure  2-4,  Solid  Propellant  Systems.  It  illustrates 
the  configuration  and  the  time-thrust  curve  of  several 
solid  propellant  systems. 


RESTRICTED  PROPELLANT 


r.  PYROTECHNIC  COMPOSITIONS 

A.  General 

Pyrotechnic  compositions  are  classed  as  low  explosives 
that  exhibit  very  little  explosive  value.  This  is  due  to 
their  la*  rates  of  combustion  and  the  liberation  of  rela¬ 
tively  little  gas  per  unit  weight  of  composition.  Solid 
products  of  combustion  represent  more  of  their  mass  than 
the  gases  produced.  They  produce  considerable  light  and 
are  used  extensively  for  signal  and  illumination  purposes. 
Pyrotechnic  compositions  have  been  used  for  centuries  for 
military  purposes  but  in  this  century  they  have  become 
important  because  of  the  increased  technical  requirements 
of  modern  warfare.  Many  pyrotechnic  compositions  have 
been  developed  for  aerial  observation,  photography,  bomb¬ 
ing,  heat,  light,  sound  and  smoke  purposes.  Also,  compo¬ 
sitions  for  tracers,  smoke  signalling,  light  signalling, 
spotting,  tracking,  delay  fuze  powders,  igniters  and  in¬ 
cendiaries  are  considered  pyrotechnics.  All  contain  sim¬ 
ilar  ingredients  that  undergo  chemical  exothermic  reactions. 

Physically,  pyrotechnic  compositions  are  mixtures  of 
finely  powdered  elements  and  compounds  that  are  generally 
compressed  in  candle  form. 

B.  Composition 

The  important  ingredients  of  a  pyrotechnic  composi¬ 
tion  are  the  fuel  and  the  oxidizing  agent.  Other  materi¬ 
als  may  be  added  to  produce  the  desired  effaces,  such  as 
intensified  color  and  decreased  burning  rate.  These  mate¬ 
rials  may  also  be  effective  as  binding  agents  or  water¬ 
proofing  agents.  In  the  various  compositions  an  added 
material  may  be  effective  in  more  than  one  cf  the  foregoing 
capacities.  The  compositions  generally  are  not  chemically 
balanced.  Atmospheric  oxygen  aids  in  the  "cigarette 
burning"  of  the  candle-form  pyrotechnics  and  the  need  for  a 
high  percentage  of  oxidizer  is  not  necessary.  This  results 
in  the  use  of  an  excess  of  fuel  and  increased  light  inten¬ 
sity. 

1.  Fuel 

Powdered  magnesium,  aluminum  and  their  alloys  are 
generally  used  as  fuels  tr  pyrotechnic  composi¬ 
tions,  however,  calcium  silicide,  charcoal, 
sulfur,  silicon,  zirconium,  titanium  and  metallic 
hydrides  may  be  used.  Materials  added  as  color 
intensifiers,  binding  agents  and  waterproofing 
agents  also  act  as  fuels  if  they  are  combustible. 

2.  Oxi dicers 

The  principal  oxidizing  agents  used  are  determined 
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by  the  desired  color  of  light,  luminous  intensity 
end  burning  rate.  The  nitrates  of  barium,  stron¬ 
tium,  sodium  and  potassium  and  the  peroxides  of 
barium,  strontium  and  lead  are  among  the  most  im¬ 
portant  oxidizing  agents  used.  These  compounds 
can  supply  the  oxygen  necessary  for  combustion  of 
most  of  the  fuel  present  in  a  composition.  The 
remainder  of  the  oxygen  is  supplied  by  the  oxygen 
in  the  atmosphere. 

3.  Color  Intensifiers 

The  most  effective  color  intensifiers  are  compounds 
of  chlorine.  Organic  chlorine  compounds  are  pref¬ 
erable  to  inorganic  compounds  because  of  the  hygro- 
scopicity  of  many  inorganic  chlorine  compounds  and 
their  incompatibility  with  the  metals  used  as  fuels. 
A  few  of  the  more  important  color  intensifiers  used 
are  hexachlorobenzene ,  polyvinyl  chloride  and  chlo¬ 
rinated  waxes,  rubbers  and  plastics.  These  agents 
decompose  to  form  metallic  chlorides  during  combus¬ 
tion  and  produce  characteristic  color  bands  found 
in  the  flame  spectrum.  These  agents  may  also  serve 
as  fuels,  combustion  retardants  and  binding  agents. 

4.  Retardants 

Retardants  added  to  pyrotechnic  compositions  are 
used  to  reduce  the  burning  rate  of  the  fuel-oxi- 
dizer  mixture.  These  retardant  materials  must 
produce  little  or  no  effect  on  the  color  inten¬ 
sity  of  the  composition.  The  retardants  act  as 
inert  diluents  or  retard  the  burning  rate  of  the 
metallic  fuels  by  burning  at  a  considerably  slower 
rate  than  the  fuels.  Calcium  carbonate,  sodium 
oxalate,  strontium  resinate,  titanium  dioxide, 
polyvinyl  chloride,  ethyl  cellulose,  paraffin, 
linseed  oil*  castor  oil,  asphaltum  and  sulfur  are 
the  important  retardants  in  use.  Many  of  these 
compounds  act  as  color  intensifiers,  fuels,  bind¬ 
ing  agents  and  waterproofing  agents. 

5.  Binding  Agents 

Binding  agents  are  generally  required  to  compress 
the  pyrotechnic  compositions  into  a  dense  coherent 
candle  form.  The  metallic  fuels  and  the  inorganic 
oxidizing  agents  usually  are  non-adhesive.  Poly¬ 
ester  and  sulfur  plastics  are  the  most  widely  used 
binding  agents  but  polyvinyl  chloride,  ethyl  cel¬ 
lulose,  metallic  resinates,  oils,  waxes  and  asphal¬ 
tum  are  sometimes  used.  Many  of  these  binding 
agents  perform  in  a  dual  capacity. 
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6.  Waterproofing  Agents 


Waterproofing  agents  are  necessary  in  many  pyro¬ 
technic  compositions  because  of  the  reactivity 
of  metallic  magnesium  and  aluminum  with  certain 
pyrotechnic  compounds  in  the  presence  of  moisture. 
Also,  the  nitrates  and  peroxides  are  usually  hygro¬ 
scopic.  The  waterproofing  agents  are  dried  lin¬ 
seed  oil,  acidified  potassium  dichromate,  waxes, 
metal  resinates  and  natural  or  synthetic  resins. 
They  are  used  to  coat  the  metallic  fuels  or  may 
be  distributed  throughout  the  composition. 

C.  Characteristics  of  Pyrotechnic  Compositions 

The  important  functioning  characteristics  of  a  pyro¬ 
technic  composition  are  its  luminous  intensity  (candle 
power),  burning  rate,  color,  color  value  and  efficiency 
in  light  production.  The  common  characteristics  for 
photoflash  compositions  are  peak  Intensity,  time  required 
to  reach  peak  intensity  and  the  integral  light  in  a 
required  exposure  time.  Other  important  characteris¬ 
tics  must  be  considered  because  pyrotechnic  compositions 
are  low  explosives  and  must  withstand  loading,  handling 
and  storage  operations.  They  are  sensitive  to  static 
electricity  and  radio  frequency,  impact  and  friction, 
ignltability,  stability  and  hygroscopicity.  All  pyro¬ 
technic  compositions  must  have  explosive  characteristics 
as  well  as  pyrotechnic  characteristics. 

D.  Uses  of  Pyrotechnic  Compositions 

Pyrotechnic  compositions  are  used  in  a  wide  variety 
of  ammunition  products.  The  most  important  uses  are  in 
projectiles,  flares,  photoflash  cartridges  and  bombs, 
signals,  tracers,  simulated  ammunition,  target  identi¬ 
fication  bombs  and  in  nose-cone  or  war-head  recovery 
projects  in  the  rocket  and  missile  programs. 
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VI.  HIGH  EXPLOSIVES 


A.  General 

A  high  or  detonating  explosive  is  a  substance  in  which 
the  transformation  from  its  original  composition  and  form, 
once  Initiated  by  suitable  means,  proceeds  with  virtually 
instantaneous,  continuous  speed  throughout  the  total  mass 
of  the  charge.  The  high  rates  of  reaction  and  the  high 
pressures  are  accompanied  by  the  evolution  of  a  large  gas 
volume,  heat,  noise  and  a  widespread  shattering  effect. 

The  extreme  rapidity  of  decomposition,  termed  "detonation," 
takes  place  in  a  manner  similar  to  rapid  combustion  or 
with  rupture  and  rearrangement  of  the  molecules  of  the 
substance.  The  disruptive  effect  of  the  reaction  causes 
many  explosives  to  be  valuable  as  bursting  charges  but 
precludes  their  use  as  a  propellant.  The  gases  formed 
develop  excessive  pressures  that  may  burst  the  combustion 
chamber  or  the  barrel  of  a  weapon. 

The  compositions  of  high  explosives  usually  contain 
nitrated  products  of  organic  substances  or  nitrogen  con¬ 
taining  inorganic  substances.  They  may  be  mixtures  of 
both,  A  high  explosive  may  be  a  pure  compound  or  an  inti¬ 
mate  mixture  of  several  compounds.  Ingredients  that  im¬ 
part  desired  stability  and  performance  characteristics 
are  added. 

High  explosives  are  divided  into  primary  and  secondary 
explosives.  The  principal  difference  between  primary  and 
secondary  explosives  is  the  means  of  detonation.  Primary 
high  explosives  are  detonated  by  means  of  simple  ignition, 
including  spark,  flame,  impact  and  other  primary  heat 
sources.  Secondary  explosives  require  a  detonator  and 
frequently  a  booster  for  actuation. 

The  detonator  used  to  detonate  secondary  explosives 
contains,  as  the  essential  element,  a  primary  high  ex¬ 
plosive  that  is  easily  ignited.  The  detonator  may  be 
more  complex  if  constructed  with  timing  devices,  safety 
mechanisms  and  other  special  features.  The  booster  con¬ 
sists  of  a  highly  sensitive,  secondary  high  explosive 
that  reinforces  the  detonation  wave  to  the  main  explo¬ 
sive  charge.  The  main  explosive  charge  is  a  secondary 
explosive. 

B.  Primary  or  Initiating  Explosives 

Primary  or  initiating  high  explosives  include  primary 
compositions  and  initial  detonating  agents. 

1.  Priming  Compositions 

Priming  compositions  are  physical  mixtures  of 
materials  that  are  extremely  sensitive  to  impact 
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or  percussion.  The  material  mixtures  may  include 
the  initial  detonating  agents;  lead  azide,  mer¬ 
cury  fulminate  or  lead  styphnate.  The  application 
of  impact  or  percussion  to  these  mixtures  causes 
very  rapid  auto-combustion  but  not  detonation. 

The  detonation  is  prevented  by  the  dampening  effect 
of  added  inert  ingredients  such  as  antimony  sul¬ 
fide,  lead  thiocyanate,  ground  glass  or  sulfur. 

The  products  of  auto-combustion  of  priming  compos¬ 
itions  are  hot  gases  and  incandescent  solid 
particles. 

The  criming  compositions  consist  of  physical  mix¬ 
ture;.  of  one  or  more  initial  detonating  agents, 
fuels,  desensitizers  and  binding  agents. 

The  oxidizing  agents  used  in  priming  compositions 
are  potassium  chlorate  and  barium  nitrate.  The 
fuels  used  are  lead  thiocyanate,  carbon  black, 
antimony  sulfide  and  calcium  silicide.  Antimony 
sulfide  and  calcium  silicide  are  also  used  to 
sensitize  the  compositions  to  friction  or  percus¬ 
sion.  Carborundum  and  ground  glass  are  used  as 
sensitizers.  The  explosive  ingredients  generally 
are  the  sensitive-initiating  compounds  or  the  non-  4 
initiating  compounds.  Shellac,  gum  arable  and 
gum  tragacanth  are  the  major  binding  agents  used 
and  may  also  serve  as  fuels. 

Priming  compositions  are  used  for  the  ignition 
of  initial  detonating  agents,  black  powder 
Igniter  charges  and  propellants  in  small  arms 
ammunition. 

2.  Initial  Detonating  Agents 

Initial  detonating  agents  are  high  explosives  that 
are  extremely  sensitive  to  heat,  impact  and  fric¬ 
tion.  They  undergo  detonation  when  subjected  to  a 
flame  or  percussion.  They  are  used  to  initiate 
detonation  of  the  lesser  sensitive  high  explosives, 
comprised  of  bursting  charges,  demolition  high  ex¬ 
plosives  and  dynamites.  Most  initial  detonating 
agents  have  lower  rates  of  detonation  and  brlsance 
values  than  the  explosives  they  initiate.  Since 
they  include  azides,  fulminates  and  diazo-,  nltro- 
and  nitroso-compounds,  several  of  the  initial 
detonating  agents  used  are  less  stable  than  the 
non-initiating  explosives.  Many  compounds  that 
have  satisfactory  initiating  characteristics  are 
too  unstable  or  sensitive  for  use  in  ammunition. 
Consequently,  those  in  use  as  initial  detonating 
agents  are  limited  in  number. 
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The  initial  detonating  agents  in  use  are: 

Lead  Azide 
Mercury  Fulminate 
Diazodinitrophenol 
Lead  Styphnate 
Tetracene 

C.  Secondary  or  Non-Initiating  Explosives 

1.  General 

Secondary  or  non-initiating  high  explosives  include 
explosives  that  require  initiation  to  detonation 
by  another  explosive.  They  are  used  as  boosters, 
bursting  charges,  blasting  charges  and  demolition 
materials.  They  msv  be  divided  into  the  following 
types: 

a.  Single-Compound  Explosives 

b.  Binary  Explosives 

c.  Plastic  Explosives 

d.  Dynamites 

2.  Single-Compound  Non-Initiating  High  Explosives 

Single-compound  high  explosives  include  Inorganic 
and  organic  compounds.  Ammonium  nitrate  is  the 
most  widely  used  inorganic  explosive.  The  organic 
compounds  include  nitrates,  nitro-compounds  and 
nitroamines.  These  organic  compounds  are  nitro¬ 
cellulose,  nitroglycerin,  nitroguanidine ,  nitro- 
starches,  trinitrotoluene  (TNT),  Explosive  "D", 
cyclonite  (RDX),  pentaerythrite  tetranitrate 
(PSTN),  haleite  and  tetryl. 

3.  Binary  Non-Initiating  Explosives 

There  are  three  (3)  types  of  binary  explosives 
manufactured.  One  is  produced  by  mixing  tri¬ 
nitrotoluene  (TNT)  with  another  explosive.  A 
second  type  is  made  by  mixing  TNT  with  another 
explosive  and  a  non-explosive  material  such 
as  aluminum.  The  third  explosive  contains  TNT 
and  powdered  aluminum.  The  aluminum  increases 
the  temperature  of  the  explosive  and  decreases 
the  brisance  but  gives  the  explosive  a  high 
blast  potential.  Binary  explosives  are  superior 
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to  TNT  with  respect  to  fragmentation  and  blast 
effect.  Binary  explosives  are  amatol ,  tetrytol, 
picratol,  torpex,  tritonal,  ammonal,  pentolite 
and  ednatol. 

Plastic  Non-Initiating  Explosives 

The  development  of  two  (2)  types  of  plastic  non¬ 
initiating  explosives  was  the  result  of  limita¬ 
tions  involved  in  the  melt-loading  of  other  explo¬ 
sives  with  TNT.  Also,  two  (2)  other  requirements 
brought  about  this  development ,  namely,  the  re¬ 
quirement  for  a  highly  brisant  explosive  that 
could  be  press- loaded  without  undue  hazard  and 
the  need  for  a  demolition  explosive  that  could  be 
hand- shaped. 

RDX  (cyclonite),  a  high  brisant  explosive,  was 
selected  and  mixed  with  other  explosive  or  non¬ 
explosive  materials  to  produce  the  plastic  ex¬ 
plosives. 

One  of  the  two  types  consists  of  RDX  and  a  desensi¬ 
tized  wax  in  a  mixture  suitable  for  press- loading. 
The  other  type  consists  of  RDX  and  a  binding  agent 
that  forms  a  putty-like  mass  capable  of  being  hand¬ 
shaped. 

The  plastic  explosives  now  in  use  include  the 
series  of  Compositions  A,  B,  C  and  D. 

a.  Compositions  A.  A- 2  and  A-3  are  composed  of 
ninety-one  (91)  per  cent  RDX  (cyclonite) 

and  nine  (9)  per  cent  wax.  The  RDX  will  vary 
in  granulation  and  the  wax  may  be  either  bees¬ 
wax  or  petroleum-derived  wax. 

b.  Composition  B  consists  of  a  55:40:5  mixture 
of  RDX  to  TNT  and  a  desensitizing  wax. 

c.  Compositions  C,  C-3  and  C-4  are  plastic  demo¬ 
lition  explosives  that  can  be  shaped  by  hand. 

Composition  C  contains  an  eighty-eight  (88) 
per  cent  RDX  and  twelve  (12)  per  cent  of  a 
non-explosive  oily  plasticizer. 

Composition  C-3  contains  seventy-seven  (77) 
per  cent  RDX  and  an  explosive  plasticizer 
containing  mononit rotoluene,  a  liquid  mixture 
of  dinitrotoluenes,  TNT,  tetryl  and  nitro¬ 
cellulose. 

Composition  C-4  contains  ninety-one  (91)  per 
cent  RDX  and  a  desensitized  mixture  of  poly- 
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isobutylene,  motor  oil  and  di-(2-ethylhexyl) 
sebacate. 

d.  Composition  D-2  is  a  desensitized  explosive 
mixture  consisting  of  eighty-four  (84)  per 
cent  paraffin  and  other  waxes,  fourteen  (14) 
per  cent  nitrocellulose  and  two  (2)  per  cent 
lecithin. 

5.  Dynamites 

Operations  requiring  explosives,  other  than  the 
standard  military  high  explosives,  for  excavation, 
demolition  and  cratering  must  resort  to  the  use 
of  commercial  blasting  explosives.  These  blast¬ 
ing  explosives,  with  the  exception  of  black  pow¬ 
der,  are  referred  to  as  the  dynamites.  Most 
dynamites  consist  of  high  percentages  of  nitro¬ 
glycerin  and  sodium  nitrate,  some  carbonaceous 
materials,  sulfur  and  an  antacid.  The  dynamites 
may  be  exploded  by  flames,  sparks,  friction  and 
sharp  blows,  including  impact  from  bullets  or 
shell  fragments.  They  are  subject  to  relatively 
rapid  deterioration  and  require  constant  surveil¬ 
lance.  Dynamites  freeze  at  low  temperatures  and 
must  be  thawed  before  use.  Dynamites  may  be  ex¬ 
ploded  by  a  number-6  or  larger  commercial  blast¬ 
ing  cap  or  by  the  Corps  of  Engineers'  special 
blasting  cap.  Dynamites  are  classified  as 
straight,  anaemia  or  gelatin  dynamite. 

a.  Straight  dynamite  contains  nitroglycerin  as 
tbs  explosive  ingredient  and  a  non-explosive 
filler.  It  has  a  high  velocity  of  detonation 
that  produces  a  shattering  action.  Straight 
dynamite  is  water  resistant  to  a  small  degree 
and  may  be  used  underwater  only  if  fired  with¬ 
in  twenty-four  (24)  hours  after  submersion. 

b.  Ammonia  dynamite  contains  ammonium  nitrate, 
in  addition  to  nitroglycerin,  as  the  explo¬ 
sive  base.  It  has  a  medium  velocity  of  det¬ 
onation  which  produces  a  heaving  action. 

It  is  not  satisfactory  for  underwater  use. 

c.  Gelatin  dynamite  is  a  jelly  made  by  diseolv- 
ing  aitrocotton  in  nitroglycerin.  It  is 
highly  water-resistant  and  suitable  for  use 
under  wet  conditions. 

Specific  data  concerning  the  composition,  type, 
strength  and  usage  of  these  commercial  dynamites 
may  be  obtained  from  the  manufacturers. 


2-47 


VII. 


IGNITERS  AND  IGNITION 


A.  General 

The  effectiveness  of  a  rocket  depends  upon  the  steady- 
state  burning  of  the  contained  propellant  system.  The 
steady-state  of  propellant  burning  is  always  preceded  by 
one  or  more  transient  processes  designated  collectively 
as  the  "ignition  process."  The  ignition  process  is  per¬ 
formed  by  a  device  known  as  a~  "igniter." 

«'he  igniter  of  a  rocket  motor  must  perform  two  (2) 
functions.  One  is  to  heat  the  propellant  grain  to  igni¬ 
tion  temperature  and  the  other  is  to  increase  the  combus¬ 
tion  chamber  pressure  to  a  point  where  the  reaction  of 
the  propellant  responds  satisfactorily.  An  igniter  should 
accomplish  these  functions  with  only  milliseconds  of  delay 
but  without  creating  undue  high  pressures  that  will  sub¬ 
ject  the  propellant  grain  to  excessive  forces. 

Primary  initiation  of  an  igniter  is  electrical  in  the 
majority  of  the  present  rocket  motors  because  the  location 
of  the  igniter  in  the  rocket  motor  usually  prohibits  the 
use  of  a  percussion  type  ignition  system. 

A  type  of  igniter  assembly  (see  Figure  2-5)  consists 
of  one  or  -aor«  electric  squibs  (electric  match  or  initi¬ 
ators)  and  an  igniting  charge  of  black  powder  or  pyrotech¬ 
nic  composition  housed  in  a  container.  Leads  (electrical 
wires)  from  the  squibs  are  passed  from  the  igniter  housing 
to  an  external  point  where  they  can  be  attached  to  the 
electrical  circuit.  The  squib  contains  a  heat-sensitive 
composition  that  is  initiated  by  the  generated  heat  caused 
by  the  electrical  impulse  that  passes  through  the  electric 
lead  wires.  The  ignition  heat  of  the  squib  causes  the  ig¬ 
nition  of  the  black  powder  and  it  then  ignites  the  propel¬ 
lant.  The  black  powder  may  contain  a  booster  charge  of 
other  explosive  materials.  When  more  than  one  (1)  squib 
is  provided  in  an  igniter  the  squibs  are  wired  in  parallel 
to  provide  assurance  against  misfires.  For  safety  during 
handling,  storage  and  shipment  the  igniter  leads  are 
shorted  to  prevent  accidental  ignition  by  stray  or  induced 
current  or  other  sources  of  electrical  energy. 

B.  Ignition  of  Solid  Propellants 

Many  solid  propellants  are  ignited  by  a  small  quantity 
of  black  powder.  The  black  powder  is  ignited  by  means  of 
an  electric  match.  The  igniter  consists  of  the  electric 
match  and  the  igniter  material  (black  powder)  encased  in  a 
container.  An  electric  current  applied  to  the  lead  wires 
of  the  squib  produces  sufficient  heat  to  ignite  the  sensi¬ 
tive  electric  match  or  squib.  The  flame  from  the  electric 
match  spreads  rapidly  through  the  powder  charge  in  the 
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ELECTRICAL  LEADS 


(USUALLY  BLACK  POWDER) 


FIS.  2-5:  A  TYPE  OF  IGNITER  ASSEMBLY 


* 
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igniter,  increasing  the  internal  pressure  until  the  ig¬ 
niter  case  is  broken  open.  The  products  of  decomposition 
of  the  igniter  material  transfer  energy  to  the  propellant 
by  the  t~vee  (3)  mechanisms  of  energy  transfer,  including 
conduction,  convection  and  radiation.  Hie  impingement  of 
tue  hot,  solid  particles  of  the  igniter  material  causes 
the  propellant  to  ignite  and  burn  in  parallel  layers. 

This  burning  produces  hot  gases  and  an  Increase  is  pres¬ 
sure  that  causes  the  propulsion  of  the  rccket. 

C.  Igniter  Design 

Igniter  design  is  influenced  by  the  size  and  shape  of 
the  propellant  grain  and  its  composition,  the  location  of 
the  igniter  is  the  rocket  chamber  and  the  free  volume  in¬ 
side  the  rocket  chamber.  Therefore,  design  of  an  Igniter 
for  a  rocket  is  usually  the  final  step  in  rocket  and  mis¬ 
sile  design.  The  experience  gained  from  trial  and  error 
results  in  frequent  changes  to  Igniter  designs. 

Generally,  the  design  criteria  for  an  igniter  indi¬ 
cates  a  plastic  or  metal  case  containing  an  initiator  and 
igniter  material .  The  initiator  is  an  off-the-shelf 
squib  o*  a  known  electric  match  composition.  However,  the 
igniter  materials  vary  according  to  the  igniter  perform¬ 
ance  required.  Past  and  present  igniter  materials  are 
black  powder  and  double-base  rolled  powder  or  mixtures  of 
both.  Current  and  future  missile  programs  indicate  the 
use  of  borane  pellets  as  igniter  material. 

Other  principal  design  considerations  for  igniters  are: 

1.  The  type,  grain  size,  formulation  and  moisture 
content  of  the  igniter  propellants 

2.  The  size,  direction,  shape  and  temperature  of  the 
ignition  flame 

3.  The  location  of  the  igniter  with  respect  to  the 
main  charge 

4.  The  surface  condition  of  the  main  charge 

5.  The  quantity  of  hot  solid  particles  in  the  igniter 
gases 

6.  The  quantity  of  debris  ejected  through  the  nozzle 
at  the  start 

7.  The  P'zzle  closure  rupture  pressure 

8.  The  time-pressure  relationship  between  igniter 
pressure  and  the  operatiug  pressure  of  the  rocket 

9.  The  time  delay  between  tha  electrical  signal  and 
the  first  pressure  rise. 
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10.  The  construction,  fabrication  and  fastening  of 
the  igniter  case 

11.  The  electrical  energy. 

D.  Initiators 

The  electrical  initiators  or  squibs  consist  of  two  (2) 
embedded  electric  leads  and  a  bridge  wire  that  short  cir¬ 
cuits  the  leads.  The  bridge  wire  is  heated  by  the  passage 
of  an  electric  current.  A  heat- sensitive  material  is 
normally  applied  as  a  bead  to  the  bridge  wire.  The  oJd 
electric  match  or  initiator  contained  a  clay  body  and  a 
primer  mixture  buttered"  around  the  bridge  wire  at  the 
end.  Later  designs  have  enclosed  the  entire  unit  in  a 
metal  or  plastic  jacket,  added  a  booster  charge  of  black 
powder  or  other  pyrotechnic  mixtures  and  replaced  the  clay 
body  with  a  rubber  plug  or  a  ceramic  or  glass  insulator 
in  a  metal  body. 

Primer  mixtures  for  the  squibs  may  be  mercury  fulmi¬ 
nate,  lead  styphnate  or  more  complex  mixtures  of  nitro- 
starch,  lead  azide,  potassium  chlorate  and  antimony  sul¬ 
fide.  Gum  arable,  red  gum  or  a  synthetic  resin  is  used 
as  a  binder. 

E .  Igniter  Haterials 

The  original  and  most  common  igniter  material  is 
black  powder,  available  in  several  mesh  sizes  ranging 
from  a  fine  powder  to  very  coarse  granules. 

Difficult  ignition  of  igniters,  used  under  adverse 
conditions,  has  brought  about  the  addition  of  other  mate¬ 
rials  to  assure  initiation,  avoid  misfires  and  produce 
higher  temperatures  and  pressures.  These  materials,  added 
to  black  powder,  are  chopped  trench  mortar  sheet  powder 
(double-base  rolled  powder),  boranes  and  powdered  metals. 

Metal  oxidizing  agents  have  replaced  the  black  powder 
in  many  of  the  newer  ignition  systems.  The  most  common 
of  these  are  magnesium  or  aluminum  powder  and  potassium 
nitrate  or  perchlorate.  Granular  mixtures  usually  react 
too  rapidly  and  the  mixtures  are  usually  pressed  into  a 
variety  of  different  sizes  and  shaped  pellets. 

F.  Igniter  Containers 

Originally  the  igniter  containers  for  rockets  were 
cotton  cloth  bags.  These  bags,  which  contained  small 
quantities  of  black  powder  and  an  electric  match  composi¬ 
tion,  were  closed  and  tied  tightly  with  string.  Contain¬ 
ers  of  this  type  are  used  occasionally  in  experimental 
work.  Due  to  the  hygroscopicity  of  most  igniter  mate¬ 
rials,  a  hermetically  sealed  container  of  a  stronger, 
more  endurable  construction  is  required. 


2-51 


Many  of  the  plastic  containers,  produced  by  an  inex¬ 
pensive  rapid  molding  process,  could  be  sealed  against 
moisture.  However,  they  were  unsatisfactory  because  of 
their  brittleness,  reaction  with  the  propellants  and  in¬ 
stability  at  elevated  temperatures.  New  developments  in 
plastics  have  again  stimulated  the  use  of  hard,  stable 
plastic  containers. 

The  most  widely  used  container  for  igniters  at  present 
is  the  common  tin  can  that  can  be  hermetically  sealed.  It 
has  good  handling  properties  and  permits  filling  so  that 
the  contents  can  be  tightly  compacted.  The  tin-can  con¬ 
tainer  is  not  ejected  when  the  rocket  functions,  instead, 
it  ruptures  or  the  cover  is  blown  off. 

Many  igniters  are  now  made  with  the  container  serving 
as  a  part  of  the  rocket.  These  parts  may  be  a  head  clo¬ 
sure,  part  of  the  nozzle  assembly  or  a  part  of  the  combus¬ 
tion  chamber.  In  other  cases  the  initiator  and  igniter 
container  may  be  combined  into  a  single  unit,  the  body 
being  machined  from  aluminum  or  steel.  When  more  substan¬ 
tial  containers  are  used,  they  should  have  a  built-in 
rupture  or  blow-out  mechanism  that  is  reasonably  precise 
to  the  condition  under  which  it  will  rupture.  These  re¬ 
finements  are  necessary  when  low  variability  in  igniter 
performance  is  required. 

G.  Igniter  Types 

The  designs  of  various  types  of  igniters  for  solid 
propellant  rocket  motors  (see  Figure  2-6)  frequently  are 
predicated  by  the  shape  of  the  grain  configuration.  How¬ 
ever,  their  specific  shapes  are  governed  more  by  their 
location  in  the  rocket  chamber.  The  location  of  the  ig¬ 
niter  in  the  chamber  is  decided  by  the  specific  require¬ 
ments  imposed.  Most  rocket  designs  place  the  igniter  in 
the  front  end  of  the  rocket  so  the  reaction  products  of 
the  igniter  will  sweep  over  the  entire  length  of  the  pro¬ 
pellant  grain.  Some  rockets  use  nozzle-end  or  internal 
igniters. 

1.  Head-end  Igniters 

Rockets  utilizing  fin-stabilizers  have  a  rela¬ 
tively  large  length-to-diameter  ratio.  Conse¬ 
quently,  space  for  an  igniter  is  usually  avail¬ 
able  at  the  head  end  of  the  rocket.  Igniters 
for  small  caliber  rockets  will  have  a  smaller 
outer  diameter  than  the  inner  diameter  of  the 
rocket  chamber.  In  larger  rockets,  the  igniter 
may  be  a  large  can  located  in  the  center  of  the 
head  closure  or  it  may  be  in  the  form  of  a  torus 
or  a  ring.  The  larger  units  have  several  squibs 
connected  in  parallel  to  insure  functioning  of 
the  igniter  and  to  increase  the  effectiveness  of 
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the  burning  of  the  large  quantities  of  igniter 
materials. 

2.  Nozzle-end  Igniters 

Rockets  of  the  spin-stabilizer  type  have  severe 
limitations  on  over-all  length  and  any  increase 
in  length  to  accommodate  an  igniter  is  prohibi¬ 
tive.  Therefore,  the  igniter  used  in  this  type 
rocket  is  usually  a  nozzle-end  igniter.  A  nozzle- 
end  igniter  is  usually  located  in  the  center  of 
the  nozzle  plate  with  the  multi-nozzles  located 
in  a  ring  around  it.  By  building  the  igniter  into 
the  nozzle  plate  the  need  for  a  container,  as  well 
as  the  possibility  of  container  fragments  plugging 
the  nozzles,  is  eliminated. 

Nozzle-end  Igniters  may  be  used  in  single  or 
multi-nozzled  rockets. 

3.  Internal  Ignitors 

Particular  configurations  of  the  rocket  charges 
oftentimes  indicate  the  desirability  of  having 
the  igniter  located  in  the  interior  of  the  charge. 
This  type  igniter  is  designated  as  an  internal 
Igniter. 

Internal  igniters  may  be  noszle-end  or  "bayonet" 
shaped  Igniters  with  outer  diameters  small  enough 
to  allow  placement  within  the  cored  center  of  the 
grain.  The  "bayonet"  shaped  igniter  may  consist 
of  a  long  plastic  or  metal  perforated,  plastic 
coated  tube,  filled  with  igniter  material  (black 
powder  or  borane  pellets) .  and  containing  the  ini¬ 
tiators. 
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VIII.  EXPLOSIVE  DEVICES  AND  ORDNANCE  ITEMS 


A.  General 

Explosive  devices  and  ordnance  Items  are  utilized  in 
all  types  of  missile  weapons  systems.  In  military  ord¬ 
nance  terms  an  "explosive  device"  usually  denotes  an  item 
that  is  designed  and  made  specifically  for  a  particular 
weapon.  An  "ordnance  item"  is  referred  to  as  one  that  is 
a  standard,  off-the-shelf  item.  However,  in  missile  terms 
the  two  categories  are  used  interchangeably.  In  this 
MANUAL  the  two  terms  will  be  used  interchangeably. 

The  contrivances  that  are  considered  as  explosive  de¬ 
vices  and  ordnance  iters  are  used  in  rockets  and  missiles 
to  perform  certain  functions  before  and  during  launch; 
during  flight;  and  before,  during  and  after  impact.  They 
are  used  to  initiate  various  timed  or  sequenced  system 
operations  necessary  for  ignition;  additional  rocket 
thrust  at  separation;  to  facilitate  sound  fixing  and  rang¬ 
ing  and  to  destroy  the  missile  in  the  event  of  an  emergen¬ 
cy  or  an  erratic  flight. 

Explosive  devices  and  ordnance  it  mis  are  usually  elec¬ 
trically  initiated.  Those  usod  in  rockets  and  missiles 
include  igniters  and  igniter  assemblies,  initiators,  deton¬ 
ators,  destructors,  primers,  squibs  and  squib  assemblies, 
gas  generators,  explosive  bolts,  cartridges  and  valves, 
safe  and  arming  mechanisms,  pyrotechnic  and  photoflash 
items  and  sound  fixing  and  ranging  bombs. 

A  general  description  of  these  items  is  presented, 
however,  many  of  the  devices  are  designed  specifically 
for  a  particular  missile  and  exhibit  minor  variations 
in  shape,  size  and  installation  hook-up. 

Igniters  and  ignition  systems  are  discussed  in  Part 
VII  of  this  Section. 

B.  Explosive-Ordnance  Devices 

1.  Primers  and  Time  Delay  Devices 

A  relatively  small  and  sensitive  initial  explo¬ 
sive,  oa  being  activated,  initiates  the  function¬ 
ing  of  the  explosive  train.  This  initial  explo¬ 
sive  is  termed  as  an  electrical,  chemical  or 
mechanical  primer  and  is  used  to  initiate  the 
next  element  in  the  explosive  train  which  is 
usually  a  time  delay  device  or  detonator.  Primers 
are  either  brisant  flame  producers  or  act  as 
impact  starters  to  detonators  that  have  sensitive 
explosives  at  one  end. 
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There  are  two  (2)  types  of  primers;  instantane¬ 
ous  primers  and  those  with  special  time  delay 
elements  (see  Figures  2-7  and  2-8).  Both  types 
react  quickly  and  are  moderately  powerful. 

The  most  commonly  used  primer  in  the  missile  in¬ 
dustry  is  the  instantaneous  electric  primer. 

This  primer  consists  of  an  ignition  element  and 
a  base  charge,  assembled  to  form  a  single  unit. 
The  igniter  element  consists  of  the  lead  wires 
or  contacts  molded  into  a  plug  and  a  bridge  wire 
fastened  to  the  contacts.  The  bridge  wire  is 
surrounded  with  a  suitable  primary  explosive. 

The  base  charge  in  the  primer  contains  a  quantity 
of  sensitive  explosives  pressed  into  a  cup  and  is 
capable  of  initiating  the  next  element  in  the 
train. 

Primers  are  classified  in  accordance  with  the 
method  of  initiation,  namely  electrical,  chemi¬ 
cal  or  mechanical.  The  mechanical  category  in¬ 
cludes  percussion,  stab,  friction  or  shock. 

In  size,  primers  range  in  outside  diameter  from 
0.190  to  0.281  inches  and  from  0.375  to  4.5  in¬ 
ches  in  length.  The  time  delay  element  added  to 
primers  increases  the  length  approximately  0.17 
inches  for  each  second  of  time  delay. 

2.  Squibs  and  Squib  Assemblies 

A  squib  is  a  flame-producing  device  with  iitt'ie 
or  no  brisance.  They  are  used  primarily  to 
ignite  deflagrating  materials  such  as  black  pow¬ 
der,  metal-oxidizing  agents  and  fuzes. 

Some  of  the  factors  considered  in  the  design 
criteria  of  squibs  are  ignition  temperaturo, 
ignition  time  delays,  speed  of  reaction,  burn¬ 
ing  efficiency,  fracturing  effects,  fragmenta¬ 
tion  and  environmental  conditions. 

In  size,  squibs  range  from  matehhead  sise  to  one- 
half  inch  in  outside  diameter  and  in  length  from 
one-half  to  two  inches.  Larger  else  flame  de¬ 
vices  are  categorised  as  igniters.  Also,  some 
Igniters  may  consist  of  a  small  unit  squib  or 
several  of  them  placed  inside  the  igniter  case 
that  contains  the  main  charge  of  black  powder, 
pyrotechnic  or  metal-oxidising  agent. 

A  squib  may  be  an  open  or  closed  type  (see  Figure 
2-9),  The  open  type  is  a  matehhead  or  a  plug 
containing  an  open  cavity.  These  are  not  pro¬ 
tected  from  moisture  and  as  a  consequence  are 
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seldom  used.  However,  If  there  is  no  external- 
sealing  barrier,  such  as  an  igniter  case  or  if 
moisture  protection  is  required,  they  should  be 
enclosed  in  a  more  protective  assembly  (see  Fig¬ 
ure  2-9).  Also,  since  the  gases  produced  by 
ignition  of  the  open  squibs  are  not  confined, 
the  brisance  and  action  is  considerably  less. 

A  more  protected  or  closed  squib  consists  of  a 
metal  or  plastic  case  with  a  port  in  the  case, 
covered  with  a  thin  diaphragm  cemented  in  place. 
The  seal  is  dependent  on  a  lacquer  film  and  the 
proper  joining  of  parts.  It  is  not  reliable 
unless  these  conditions  exist. 

A  fully  enclosed  squib  is  made  with  a  number  of 
variations:  metal  shell-plastic  plug,  plastic 
shell-plastic  plug,  metal  shell-hermetic  seal 
type  plug,  metal  shell-rubber  plug,  etcetera. 

The  detailed  design  possibilities  are  unlimited. 

A  metal  shell  tends  to  confine  the  gases  until 
the  high  pressure  causes  a  sharp  eruption  of  the 
shell.  Altai nun  is  better  than  copper  in  respect 
to  eruption  but  copper  is  better  tor  electrical 
conductance.  Hither  is  suitable  if  added  features 
are  used,  such  as  thin  or  scored  bottoms.  Special 
design  is  required  if  shell  fragments  are  undesir¬ 
able.  Plastic  shells  are  used  frequently  but  are 
susoeptible  to  heat  damage,  chemical  or  vapor  re¬ 
action. 

By  using  eonbustlble  materials  that  burn  rather 
than  explode  it  is  possible  to  reduce  brisance. 
Therefore,  the  shell  wall  will  melt  rather  than 
shatter. 

The  majority  of  squibs  are  designed  to  be  included 
or  sealed  la  the  next  element  in  an  explosive 
train. 

Detonators 

A  combination  of  a  primer  and  another  less  sen¬ 
sitive  explosive  charge  comprises  a  detonator. 

The  detonator  is  normally  the  element  in  the  ex¬ 
plosive  train  which  effects  the  transition  from 
deflagration  to  detonation.  A  detonator  will 
initiate  a  high  order  of  detonation  in  high 
explosives.  The  detonator  performs  three  (3) 
distinct  functions  which  are.  initiation  to  defla¬ 
gration,  transformation  of  deflagration  to  detona¬ 
tion  and  the  transfer  of  the  detonation  impulse 
to  the  next  item  in  an  explosive  train.  The  pri¬ 
mary  difference  between  a  primer  and  a  detonator 


is  the  quantity  of  the  charge.  Usee  for  detona¬ 
tors  are  the  sane  as  primers  except  for  the  addi¬ 
tional  uses  of  initiating  boosters  or  high  explo¬ 
sive  charges. 

Detonators  range  in  size  from  0.190  inches  to 
0.300  inches  outside  diameter  (see  Figure  2-10). 
The  length  ranges  from  0.300  inches  to  4.5  inches. 
They  may  contain  time  delay  elements  similar  to 
the  primers  and  squibs.  The  time  delay  elements 
Increase  the  length  approximately  0.2  inches  for 
each  second  of  time  delay. 

The  explosive  in  detonators  may  be  PETN,  " recon¬ 
solidated-  pelleted"  tetryl,  lead  azide,  lead 
styphnate  and  mercury  fulminate. 

Detonators  are  classified  according  to  the  method 
of  initiation,  as  flash,  stab  or  electric  detona¬ 
tors.  They  are  described  below: 

a.  Flash  Detonators 

The  flash  detonator  is  designed  to  deliver  a 
detonating  impulse  when  acted  upon  by  a  heat 
impulse  or  a  detonating  impulse  generated  by 
.  a  previous  element. 

The  flash  detonator  may  also  be  used  as  a 
relay  where  the  gap  over  which  the  detonation 
must  be  transmitted  is  too  great  for  the 
primary  detonation  to  be  effective. 

b.  Stab  Detonators 

*he  stab  detonators  usually  function  as  the 
initiating  element  of  a  fuze.  The  element  is 
highly  sensitive  to  the  action  of  a  stab- 
firing  pin.  The  stab  detonator  produces  a 
detonation  whlih  can  start  the  action  of  an 
explosive  train  by  the  initiation  of  a  tetryl 
lead-relay  detonator  or  a  booster  charge. 

The  stab  detonator  is  initiated  by  a  firing 
pin  which  is  generally  driven  by  one  of  three 
different  means;  Impact  with  a  target, 
spring  action  or  gas  pressure. 

c.  Sleet ric  Detonators 

The  electric  detonator  is  ordinarily  used  to 
actuate  a  booster  lead  (normally  tetryl). 

The  electric  detonator  does  not  require  the 
use  of  a  flash  detonator,  therefore,  the 
explosive  train  from  electrical  initiation 
to  lead-in  is  included  in  a  single  unit. 
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The  electric  detonator,  from  the  standpoint  of 
safety  and  space  utilization,  does  not  provide 
the  high  degree  of  design  contained  in  a 
primer-flash  detonator  combination. 

The  detonator-primer  combination  is  ordinarily 
composed  of  an  ignition  element,  intermediate 
charge  of  a  primary  explosive  and  a  base  charge 
assembled  in  a  single  cup.  The  combination  is 
not  rigid  and  in  some  cases  there  are  more  than 
three  (3)  charges.  In  others  no  intermediate 
charge  of  a  primary  explosive  is  necessary. 

The  combination  may  contain  delay  elements. 

4.  Detonating  Primers 

A  device  that  is  equivalent  to  a  very  large  and 
powerful  electric-blasting  cap  is  termed  a  "det¬ 
onating  primer."  The  power  exhibited  by  this 
device  categorizes  it  as  a  detonator  primer  in¬ 
stead  of  a  blasting  cap. 

Some  of  these  detonating  primers  contain  20-30 
grams  of  PETN  and  the  overall  dimensions  range 
from  five-eighths  to  three-quarters  of  an  inch  in 
diameter  and  a  lengtn  of  2.b  Co  3  inches. 

A  detonating  primer  is  sufficiently  powerful  to 
detonate  large  high  explosive  charges  directly  or 
cause  powerful  fracturing  effects  in  the  immediate 
vicinity. 

5.  Boosters 

A  booster  is  defined  as  an  extra  charge  of  high 
explosive  without  the  initiating  explosive  device. 

A  "warhead  booster"  is  a  high  explosive  substance 
sufficiently  sensitive  to  be  actuated  by  small 
explosive  items  and  powerful  enough  to  cause  det¬ 
onation  of  the  main  explosive  charge.  Also,  in 
a  launching  system,  a  booster  is  defined  as  an 
auxiliary  propulsion  system  which  travels  with  the 
missile  and  may  or  may  not  separate  from  the  mis¬ 
sile  when  its  impulse  has  been  delivered. 

In  explosive  devices  the  booster  charge  is  the 
extra  charge  of  high  explosive  used  in  initiators, 
primers  and  destruct  units  (see  Figure  2-11). 

The  explosive-device  boosters  are  made  with  metal 
shells  loaded  with  high  explosives  and  sealed 
against  moisture  penetration.  Some  boosters  are 
made  of  plastic-high  explosive  mixtures  that  are 
inherently  water  resistant  and  can  be  easily  cast 
into  a  variety  of  shapes  and  sizes  (see  Figure 
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2-11).  Wells  or  through-holes  are  formed  in 
these  propellants  for  attachment  of  detonators  or 
detonating  prima^ord. 

6.  Explosive  Bolts 

Explosive  bolts  (see  Figure  2-12)  consist  of  a 
special  or  standard  sized  bolt  with  the  explosive 
either  separate  from  or  an  integral  part  of  the 
bolt.  These  fracturable  fastenings  are  constantly 
being  developed  for  specific  performances.  The  ex¬ 
plosive  components  of  the  bolt  are  an  initiator 
and  a  hitfh  explosive  for  shock  wave  production. 

The  shock  waves  cause  tensile  failure  of  the  bolt. 
Other  types  of  explosive  bolts  are  cut  into  by 
means  of  a  hot  jet  or  are  blown  apart  by  pressure. 
The  explosive  bolt  is  used  in  the  final  assembly 
and  torqued  to  the  desired  load.  Then  the  explo¬ 
sive  unit  is  screwed  into  the  head  of  the  bolt 
and  wired  into  the  circuit  by  means  of  two  (2) 
lead  wires.  The  circuit  is  insulated  from  the 
ground. 

These  bolts  may  be  designed  to  prevent  mushrooming 
or  fragmentation  at  the  fracture  line.  However, 
if  greater  bolt  strength  or  faster  action  is  re¬ 
quired,  suitable  shields  can  be  installed  to  pre¬ 
vent  missile  damage  or  personnel  injury. 

Explosive  bolts  are  used  in  applications  involv¬ 
ing  the  separation  of  nose  cones,  jettisoning  of 
fuel  tanks  and  emergency  release  systems. 

7.  Explosive  Cartridges 

The  explosive  cartridges  used  in  the  missile  in¬ 
dustry  produce  pressure  sufficient  for  separa¬ 
tion  of  umbilical  cords  between  missile  stages, 
separation  of  missile  stages  during  flight, 
etcetera.  These  cartridges  may  be  termed  as  pres¬ 
sure  cartridges,  pressure  squibs,  separation  car¬ 
tridges  or  explosive  cartridges. 

These  cartridges  consist  of  an  initiator  and  addi¬ 
tional  pressure-producing  explosives.  The  device 
produces  high  pressure  over  a  period  of  millisec¬ 
onds. 

• 

The  cartridges  are  used  in  jettison,  ejection, 
separation  and  launch  of  missiles,  rockets,  bombs, 
seats  and  canopies. 

8.  Explosive  Valves 

Explosive  valves  are  devices  used  to  produce  pres- 
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FIG.  2“I2:  EXPLOSIVE  BOLTS 


sure  for  auxiliary  power  supplies,  stage- separa¬ 
tion  functions,  fuel  and  oxidizer  starts  and 
stoppages  and  to  develop  hydraulic  pressures  for 
explosive  motors  and  hydraulic  pumps. 

The  valves  consist  of  a  primer,  initiator  and  a 
diaphragm.  The  diaphragm  is  ruptured  by  a  ram 
or  piston  driven  by  the  gas  produced  from  the 
ignited  primer  and  initiator. 

9.  Initiators 

The  primers,  squibs,  detonators,  explosive  bolts, 
cartridges  and  valves,  gas  generators,  igniter 
and  explosive  motors  use  ai  initiator.  Also, 
these  items  may  be  the  Initiators  used  as  the  in¬ 
itial  actuating  mechanism  to  begin  an  explosive 
train.  Most  electrically-acttiated  explosive  de¬ 
vices  consist  essentially  of  an  initiator  with 
additional  components  added  to  perform  a  specific 
purpose  or  function.  The  initiator  is  the  most 
sensitive  part  of  the  explosive  device  and  its 
design  reflects  the  safety,  reliability  and  oper¬ 
ational  characteristics  of  the  unit. 

There  are  three  (3)  types  of  initiators: 

a.  The  primer,  designed  to  omit  a  shattering  hot 
flash  or  flumo 

b.  The  squib,  ddsigned  to  omit  a  hot  flash  but 
not  a  blast  effect 

c.  Hie  detonator,  designed  to  produce  a  high- 
velocity  shoe*  wave  to  trigger  other  explo¬ 
sives. 

Prime;:  and  squib  initiators  are  used  to  actuate 
igniters  la  guns,  rockets,  pressure  cartridges, 
gas  generators,  etcetera.  The  detonator  initi¬ 
ator  is  used  to  set  off  primer  cord,  destructors 
and  other  high-explosive  devices. 

A  typical  initiator  is  shown  in  Figure  3-13.  The 
first  part  of  the  initiator  is  the  AN- type  elec¬ 
trical  connector  with  two  (2)  terminal  pins.  Next 
is  the  insulating-pressure  seal  through  which  the 
electrical  leads  enter  the  primer-explosive  con¬ 
tainer.  The  brldgewire,  at  the  ends  of  the  leads, 
is  heated  by  the  application  of  electrical  current 
to  initiate  the  explosive  primer  or  bead  that  sur¬ 
rounds  it.  The  ignition  of  the  primer  results  in 
the  ignition  of  the  booster,  which  in  turn  Ignites 
the  main  charge.  The  main  charge  provides  the 
working  power  or  desired  effect.  A  closure  disc 
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is  crimped  into  place  for  environmental  protec¬ 
tion. 

Initiators  may  consist  of  a  primer  charge,  a 
primer  or  a  booster.  Many  initiators  contain  all 
three,  a  primer,  a  booster  and  a  main  charge. 

The  combination  of  charges  is  determined  by  the 
required  effect.  The  initiator  is  not  always  a 
separable  component  of  an  explosive  device  but  is 
often  an  integral  part  of  the  pressure  cartridge, 
explosive  bolt  or  igniter. 

Initiators  are  also  divided  into  two  (2)  groups 
according  to  sensitivity;  those  which  are  sensi¬ 
tive  and  those  which  are  insensitive.  The  bridge- 
wire  and  bead  are  matched  accordingly.  The  sensi¬ 
tive  initiator  may  have  a  25-  to  1, 000-mi lliampere 
fire-current  characteristic.  The  insensitive 
initiator  may  have  a  one  (1)  ampere  or  more  no¬ 
fire  current  characteristic.  The  fire  or  ignition 
characteristics  of  an  initiator  is  not  easily 
defined  by  its  current  or  voltage  rating.  This  is 
determined  by  an  energy  level  which  involves  resist¬ 
ance,  current  and  time. 

The  common  initiator  components  are  connectors, 
insulation,  lead  wires,  bridgewires,  primers  or 
ignition  beads,  closures  and  sealants  and  case 
materials. 

Three  (3)  common  methods  of  electrical  connections 
are  used  in  the  Initiators.  They  are  as  follows: 

a.  Plug  and  socket,  AN  and  MS  connectors 

b.  A  spring-contact  pin  to  a  center  part  of  the 
initiator 

c.  Lead  wires  protruding  from  the  explosive  case 
and  attaching  to  a  terminal  trip. 

The  common  types  of  dielectric  insulation  used 
between  the  leads  and  the  case  of  the  unit  are 
plastics,  synthetic  rubbers,  phenol,  glass  and 
ceramics. 

The  common  types  of  lead  wires  are  stainless- 
steel  wire,  steel  wire  with  an  electro-tin  plat¬ 
ing,  tinned  copper  wire  and  stranded-tinned 
copper  wire.  These  wires  usually  terminate  as 
pins  in  a  connector  or  are  commonly  Insulated 
by  a  vinyl  cover,  glass  cloth  cover  or  nylon  or 
cotton  Jacket  over  celanese  wrap.  Frequently 
the  wires  are  left  bare.- 

The  common  types  of  bridgewires  are  the  carbon 


and  wire  bridge.  Common  bridgowire  materials  are 
uichrome  wire  and  platinum  irridium  wire.  Bridge- 
wire  diameters  run  in  thousandths  and  ten  thou¬ 
sandths  of  an  inch. 

Common  types  of  primer  and  ignition  explosives 
are  nitrocellulose,  tetryl,  lead  styphnate,  lead 
azide,  mercury  fulminate,  black  powder  and  DDNP 
(diazodinitrophenol) . 

Common  closures  are  nitrocellulose  or  aluminum 
foil.  The  nitrocellulose  is  an  explosive  that 
is  consumed  in  the  explosion.  The  aluminum 
foil  is  reduced  to  aluminum  oxide  in  the  explo¬ 
sion.  A  common  sealant  is  an  epoxy  resin. 

Common  case  materials  are  stainless  steel,  steel, 
aluminum  and  gilding  metals. 

10.  Gas  Generators 

A  gas  generator  is  an  electrically  initiated, 
solid  propellant  rocket  motor  designed  to  produce 
a  constant  gas  pressure  with  controlled  mass  flow 
and  temperature.  The  gas  generator  differs  from 
the  explosive  cartridge  in  that  the  gas  generator 
pressure  is  usually  lower  and  lasts  for  a  period 
of  minutes.  A  gas  generator  consists  of  an  igni¬ 
tion  element  and  a  solid  propellant  in  a  metal 
case.  The  case  contains  an  orifice  to  vent  the 
gas  produced  (see  Figure  2-14).  The  gas  output 
can  be  established  and  maintained  uniformly  within 
plus  or  minus  five  (5)  per  cent.  Gas-outputs 
range  from  100  to  10,000  cubic  centimeters. 

Gas  generators  are  used  for  inflation  of  bags, 
power  for  electrical  generators,  power  for  missile 
control  surfaces,  to  expel  liquids,  pressurize 
containers  and  move  pistons  in  actuators. 

11.  Explosive  Motors 

The  explosive  motor  consists  of  an  initiator  and 
some  type  of  piston  or  bellows.  The  power  or 
pressure  generated  is  converted  into  mechanical 
motion  by  the  pistons  or  bellows.  The  explosion 
and  resulting  pressure  are  contained  in  the  motor. 
The  movement  provided  by  the  motor  is  not  revers¬ 
ible  but  remains  positive  until  such  time  as  the 
gas  pressure  leaks  off  or  is  released.  Explosive 
motors  are  used  for  the  actuation  of  explosive 
switches  and  mechanical  detents  (a  pawl). 

12.  Destructors,  Destruct  Units  and  Primacord 
High-explosive  destructors  or  destruct  assemblies 
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are  used  to  rupture  the  propellant  and  fuel  tanks, 
destroy  an  errant  missile  or  destroy  a  specific 
missile  stage  or  component  part. 

Each  destruct  unit  (see  Figure  2-15)  consists  of  a 
rotor  and  solenoid,  primers,  a  safe  and  arming 
mechanism,  a  detonator,  a  safety  firing  pin  and  an 
initiator  containing  booster  pellets.  Strands  of 
primacord  lead  from  the  booster  pellets  inride  the 
initiator  case,  through  booster  retaining  straps 
containing  high-explosive  booster  material.  The 
strands  of  primacord  vary  in  number  from  one  to 
ten  and  may  be  individual  or  clustered.  The 
strands  are  attached  lengthwise  to  the  missile 
part  to  be  destroyed. 

Other  types  of  destruct  units  include  ail  of  the 
component  parts  and  the  booster  material  in  a 
single  unit. 

a.  Primacord 

Primacord  used  in  destructors  may  be  exposed 
to  extreme  heat  or  cold.  When  fuel  tanks  are 
to  be  ruptured,  the  primacord  will  be  exposed 
to  extreme  heat.  Therefore,  an  explosive  core 
of  RDX  (cyclotrimethylenetrinitramine)  is  used 
because  of  its  stability  under  high  temperature 
conditions.  The  explosive  core  for  extreme 
cold  exposure  is  PETN  (pentaerythrite  tetrani- 
trats)  which  is  more  reliable  under  low  temper¬ 
ature  conditions. 

The  two  (2)  explosives  are  approximately  equal 
in  power  and  brisance.  RDX  is  less  sensitive 
to  initiation  and  will  withstand  higher  twnper- 
atures  than  PETN.  The  melting  point  of  PETN  is 
approximately  285 °F  while  RDX  melts  at  approxi¬ 
mately  385 *F. 

For  purposes  of  identification  the  exploaive 
core  of  RDX  primacord  is  tinted  pink. 

The  explosive  wave  of  primacord  travels  approx¬ 
imately  21,000  feet  per  second. 

RDX  and  PETN  primacord  is  relatively  safe  to 
handle  and  store.  It  cannot  be  aet  off  by 
normal  vibration  or  friction,  ordinary  impact 
or  sparks.  It  must  be  detonated.  Due  to  its 
explosive  core  it  is  recommended  that  all 
primacord  be  handled  and  stored  in  the  same 
manner  as  other  explosives  of  the  sane  hazard 
classif icatioe. 

Primacord  used  in  the  missile  industry  may  con¬ 
tain  30  to  1,500  grains  of  RDX  or  PETN  per  foot. 
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13.  Safe  and  Arming  Mechanism 

A  device  used  to  interrupt  the  functions!  path 
between  various  explosive  elements  within  an 
explosive  train  is  termed  a  safe  and  arm.ng 
mechanism.  The  arming  consists  of  completing  the 
functional  path  at  the  proper  time.  This  is  per¬ 
formed  by  a  rotor  turning  fc>*e  safety  barrier  or 
by  removal  of  the  barrier.  The  barrier  may  be  a 
metal  or  plastic  olate,  Figure  2-16  illustrates 
the  explosive  chain  in  a  saf©  and  arming  mecha¬ 
nism. 


14.  Explosive  Actuators 

Explosive  actuators  are  designed  to  perform  mech¬ 
anical  work  with  disruptive  effect  on  the  actuator 
case.  The  items  included  as  explosive  actuators 
may  be  squibs,  primers  or  detonators  ^r  may  be  a 
term  to  connote  a  complete  explosive  unit.  Exam¬ 
ples  of  these  complete  units  arc  explosive  re¬ 
leases,  explosive-cable  (umbilical)  cutters  or 
explosive  valves. 

The  squibs  that  are  used  as  explosive  actuators 
are  the  slower-acting  pusher  type.  They  contain 
slow  burning  metal-oxidizer  mixtures,  smokeless 
powder  and  black  powder. 

Primers  include  the  faster-acting  actuators  which 
have  little  or  no  detonating  action.  Pressure 
rises  are  faster  and  the  action  is  sharper. 

Detonators  used  include  the  fastest  actuators  and 
contain  high  explosives  that  generate  extreme 
pressure. 

13.  Non- Explosive  Actuators 

Non-explosive  actuators  (see  Figure  2-17)  may  be 
defined  as  devices  for  converting  the  energy  in 
an  explosive  to  mechanical  work,  while,  at  the 
same  time,  confining  the  products  of  explosion 
so  that  no  bothersome  external  flame  or  flying 
fragments  are  produced. 

Operating  times  of  these  devices  vary  from  a  few 
milliseconds  up  to  50  seconds  or  more.  Examples 
of  non-explosive  actuators  are: 

Dimple  motors,  bellows  motors,  piston  actu¬ 
ators,  non-explosive  switches,  valves, 
specially  constructed  explosive  bolts  and 
gas  generators  and  other  self-contained 
operating  devices  fabricated  or  sealed 
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FIG.  2-16:  EXPLOSIVE  CHAIN  OF  A  SAFE  8  ARMING  MECHANISM 


against  release  of  fragments. 

a.  Bellows  Actuator 

A  bellows  actuator  is  made  by  forming  a  thin 
cylindrical  shell  into  a  sealed  bellows.  v>hen 
the  internal  mixture  is  ignited,  producing  a 
gas,  the  contracted  bellows  expands  longitudi¬ 
nally  with  considerable  force. 

b.  Switches  (Non-explosive) 

These  devices  contain  small  charges  of  propel¬ 
lant  or  gas-producing  ignition  compositions 
whose  sealed-in  gas  pressure  usually  causes  a 
mechanical  piston  motion  of  an  internal  moving 
part  to  close  or  open  internal  switch  contacts 
(see  Figure  2-18).  Several  varieties  of 
switches  have  been  developed  for  specific 
military  applications.  The  switches  are  de¬ 
signed  to  function  within  several  milliseconds 
or  for  ten  (10)  seconds  or  more.  Some  switches 
are  designed  with  delay  mechanisms. 

These  switches  are  frequently  referred  to  as 
"explosive  switches."  However,  this  is  a  mis¬ 
nomer  since  an  explosive  rupture  of  a  case  is 
practically  impossible. 

Switch  action  may  be  single  pole-single  throw, 
normally  open  or  closed,  single  pole-double 
throw,  or  multiple  pole-double  throw.  The 
latter  types  are  usually  referred  to  as  trans¬ 
fer  switches. 

16.  Indicators 

Indicators  are  non-explosive  devices  used  to  indi¬ 
cate  simulated  firing  conditions.  These  indicators 
simulate  the  explosive  devices  for  which  they  are 
substituted. 

The  electrical  input  characteristics  are  the  same 
as  the  squib,  primer  or  detonator  that  they  simu-* 
late. 

Indicators  are  used  in  static  firings  of  missiles 
to  teBt  the  electrical  circuits  in  the  actual 
equipment  without  creating  the  hazard  of  firing 
the  explosive  device. 

Indicators  can  be  silent  or  noisy  depending  on  the 
requirements. 
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FIG.  2-18  :  SWITCHES  (NON -EXPLOSIVE  ) 


17.  SOFAR  Bomb* 


A  device  used  to  establish  the  location  of  a  mis- 
•11*  nos*  con*,  payload  or  warhead  at  oc*an 
impact  ia  t*rm*d  a  sound  fixing  and  ranging  bomb 
(SOFAR).  Th*  SOFAR  system  cam*  Tnto  existence 
with  th*  discovery  of  a  natural  sound  chann*l 
which  *xists  in  th*  oc*ans.  This  channel  is  found 
at  depth-;  down  to  12,000  f**t;  however,  the  acous¬ 
tical  center  or  axis  is  generally  found  between 
1500  and  4000  feet  below  the  surface.  The  sound 
from  a  small  bomb  detonated  near  this  axis  can  be 
received  by  monitoring  stations  at  ranges  up  to 
3000  miles.  The  monitoring  or  listening  stations 
are  designed  to  receive  signals  produced  by  under¬ 
water  sound  signals.  Also,  the  various  listening 
stations  are  synchronized  in  time,  making  it  pos¬ 
sible  to  determine  the  approximate  location  of  the 
source  of  a  sound  signal. 

The  SOFAR  bomb  (see  Figure  2-19)  contains  a  pres¬ 
sure-actuated  safety  and  arming  mechanism,  a  det¬ 
onator  and  an  explosive  charge  equivalent  to  four 
(4)  pounds  of  TIT.  TUT  and  HBX  (and  modifications) 
are  the  most  coaon  explosives  used  in  the  SOFAR 
bombs.  The  SOFAR  explosive  train  consists  of  a 
primer,  detonator,  tetryl  lead-in  and  a  tetryl 
booster.  The  primer  and  detonator  are  fitted  into 
an  opening  on  the  arming  piston  and  are  not  in 
line  with  the  firing  pin  and  tetryl  lead-in  until 
arming  occurs.  Prior  to  missile  launching,  the 
cotter  pin  on  the  safety  and  arming  mechanism  of 
the  SOFAR  bomb  Mast  be  removed.  However,  the  fuze 
of  the  bomb  is  unarmed  and  safe  as  long  as  the 
arming  plunger  protrudes  through  the  diaphragm 
retainer.  The  unit  is  safe  at  an  ocean  depth  of 
750  to  1200  feet.  When  the  bomb  reaches  arming 
depth,  the  hydrostatic  pressure  causes  the  arming 
shear  pin  or  wire  to  break,  allowing  th*  arming 
piston  to  move  and  align  the  primer  and  detonator 
with  the  firing  pin  and  the  tetryl  lead-in.  At 
firing  depth  the  firing  shear  pin  is  broken  and 
water  pressure  forces  the  firing  pin  to  strike 
the  primer.  This  sets  off  the  firing  train 
charges  in  series  as  follows:  primer,  detonator, 
tetryl  lead-in,  tetryl  booster,  auxiliary  booster 
and  explosive  charge. 

The  SOFAR  bomb  can  be  exploded  at  varying  depths 
of  1500,  2000,  2500,  3000,  3500,  4000  feet  and 
more. 

18.  Staging  Rockets 

Multiple-stage  missiles  are  equipped  with  two 
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or  lour  snail  rockets  known  as  "staging  rockets. " 
These  snail  rockets  are  nounted  at  180- degrees 
apart  (90-degrees  lor  lour  rockets)  on  the  alt  end 
ol  the  nisslle  stage  that  will  continue  in  llight. 
These  rockets  burn  lor  2  to  5  seconds  depending 
upon  the  size  ol  the  nisslle.  The  rockets  deliver 
a  combined  thrust  that  produces  a  minimum  separa¬ 
tion  distance  (5  to  15  leet)  between  the  burned- 
out  stage  and  the  continuing  stage.  The  separa¬ 
tion  distance  is  obtained  before  ignition  of  the 
continuing  stage.  Alter  burn-out  the  staging 
rockets  are  jettisoned  by  pressure  squibs. 

A  staging  rocket  consists  ol  a  pressure  chamber, 
head  plate,  nozzle  assembly  and  an  electrical 
head-end  type  igniter  (see  Figure  2-20).  The  pro¬ 
pellant  charge  is  a  high-energy,  solid  propellant 
ol  the  double-base  or  composite  type. 

19.  Retro-  or  Retarding  Rockets 

Retro-  or  retarding  rockets  are  rocket  units, 
usually  ol  the  solid  propellant  type  used  to  re¬ 
tard  one  body  relative  to  another's  direction. 

This  is  accomplished  by  retro-thrust. 

Retro-rockets  contain  an  integrally  mounted  ig¬ 
niter  and  are  manulactured  as  a  complete  assembled 
unit.  These  rockets  cannot  be  disassembled  or  re¬ 
paired.  The  propellant  is  solid,  either  cast 
double-base  or  composite  and  has  an  auto-ignition 
point  greater  than  500°F. 

These  rockets  are  used  in  missiles  to  aid  in  re¬ 
entry  vehicle  separation  and  separation  ol  missile 

stages. 

C.  Hazards  of  Explosive-Ordnance  Devices 

The  trend  of  design  in  explosive-ordnance  devices 
has  been  to  produce  more  sensitive  explosive  actua¬ 
tors.  The  quantities  ol  energy  required  lor  initia¬ 
tion  ol  explosive  devices  decrease  as  the  electrical 
sensitivity  increases.  This  lact  allows  very  small 
batteries  to  be  used  as  power  sources  to  initiate  the 
explosive  actuator.  This  trend  has  been  impaired  by 
mounting  reports  of  inadvertent  Initiation  ol  explo¬ 
sive  devices  by  radio  frequency  energy,  spurious 
signals,  heat,  vibration,  sound,  static  electrical 
discharge,  explosive  discharge  and  nuclear  radiation. 
These  hazards  are  being  disclosed  to  the  designers 
of  explosive  devices  and  preventative  measures  are 
being  effected  to  eliminate  these  problems. 
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IX.  ROCKETS  AND  ROCKET  MOTORS 


A.  General 

A  rocket  may  be  defined  as  a  craft  or  missile  that 
obtains  its  operating  power  or  thrust  from  the  energy  of 
the  propellants  confined  or  stored  within  its  walls.  The 
operating  power  or  thrust  is  obtained  by  the  ejection  of 
hot  gases  generated  by  the  chemical  reaction  between  the 
fuel  and  oxidizer  within  the  combustion  chamber  of  the 
rocket-thrust  motor. 

Chemical  reactions  occur  at  a  rapid  rate  in  a  rocket- 
thrust  combustion  chamber.  The  rapid  rate  of  reaction 
results  in  a  high  temperature,  pressure  and  thrust  and  it 
is  necessary  to  control  the  reaction  to  attain  a  longer 
period  of  reaction. 

Rockets  and  rocket  motors  utilize  the  principle  of 
jet  propulsion.  This  is  based  on  Newton's  Third  Law  that 
states  "action  and  reaction  are  equal  and  opposite. "  If 
a  gas  or  fluid  is  ejected  from  a  closed-end  vessel  through 
a  constricted  area  (nozzle)  at  high  velocity,  then  the 
force  causing  its  ejection  results  in  an  equal  force  in 
the  opposite  direction.  The  force  produced  by  the  hot 
ejected  gases  propels  the  vessel  in  the  opposite  direction 
of  the  emitting  fluid  or  gas. 

The  basic  principles  involved  in  the  action  of  any 
jet  propulsion  unit  may  also  apply  to  any  rocket  and 
rocket  motor. 

B.  Classification  of  Rockets  and  Rocket  Motors 

The  physical  state  of  the  propellant  used  in  a  rocket 
system  assists  in  classifying  the  rocket  and  rocket  motor 
as  •olid  or  liquid. 

A  solid  propellant  rocket  and  rocket  motor  is  charac¬ 
terized  by  its  short  burning  time,  simple  design,  heavy 
construction  and  non- intermit tent  operation.  At  present, 
the  design  for  solid  rockets  is  undergoing  change  from 
heavy  construction  to  light-weight  and  heat-resistant 
materials.  Methods  to  produce  solid  rockets  and  rocket 
motors  with  built-in  intermittent  operation  have  been 
developed  and  although  not  completely  operational  at  this 
writing,  will  undoubtedly  Increase  the  use  of  solid  pro¬ 
pellant  rockets  in  the  future. 

The  liquid  propellant  rocket  unit  is  usually  a  longer- 
burning  unit,  relatively  complicated  in  design  and  opera¬ 
tion  and  has  intermittent  operation  possibilities. 

This  MANUAL  will  discuss  only  the  solid  propellant 
rocket  and  rocket  motor. 
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C.  Soli  4.  Propellant  Rockets 

A  solid  propellant  rocket  unit  consists  of  the  pro 
pellant,  combustion  chamber,  igniter  and  exhaust  nozzle. 
The  components  of  a  solid  propellant  rocket  are  shown  in 
Figure  2-21.  The  combustion  chamber  and  exhaust  nozzle 
will  be  discussed  in  detail.  The  propellant  and  igniter 
have  been  discussed  previously  in  this  Section. 

1.  Combustion  Chamber 

The  combustion  chamber  of  a  solid  propellant 
rocket  serves  two  (2)  purposes.  First,  it  acts 
as  a  borage  cell  for  the  propellant  and  secondly, 
it  acts  as  a  combustion  chamber  for  the  burning 
of  the  propellant.  Depending  upon  the  solid  pro¬ 
pel..'  ant  grain  configuration  used,  this  chamber  may 
also  contain  a  device  for  holding  the  grain  in  the 
desired  position  (exceptions  are  the  cast-in-case 
composite  propellants).  A  trap  is  used  to  prevent 
flying  particles  (slivers)  of  the  propellant  from 
clogging  the  throat  area  of  the  exhaust  r.ozzle. 
Also,  resonance  rods  are  installed  for  the  purpose 
of  absorbing  vibrations  caused  in  the  chamber  by 
the  rapid  reaction  of  the  burning  propellant. 

The  critical  factors  consider  d  in  the  design  of 
a  combustion  chamber  for  soxi A  prup<  ]1ant,  rockets 

are* 


a.  Sufficient  material  strength  to  withstand  the 
internal  pressures  ut  extremely  high  tempera¬ 
tures. 

b.  Mechanical  provisions  for  attaching  the  nozzle 
or  nozzle  assembly  and  the  head-  or  front-end 

assembly. 

c.  The  type  cf  burning  exhibited  by  the  propel¬ 
lant  grain.  Steel  is  required  for  chambers 
exposed  to  not  gases.  Light-weight  aluminum 
may  be  used  when  the  interior  chamber  wall  is 
protected  by  case  bonding,  plastic  coatings, 

f lame- proof ing  materials  and  encased  propel¬ 
lants. 

d.  Rigid  specifications  are  required  for  high 
performance  rockets.  Material  strength  must 
have  very  little  variation.  Uniformity  of 
wall  thickness  and  concentricity  must  be  care¬ 
fully  controlled.  Axial  alignment  must  be 
held  to  a  close  tolerance. 

2.  Exhaust  Nozzle 

An  exhaust  nc;-.zle  is  a  non-uniform  chamber  through 
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which  the  gases  generated  in  the  combustion  cham¬ 
ber  flow  to  the  outside.  In  the  nozzle,  the  most 
important  areas  considered  in  design  are  the 
cross-sections  at  the  mouth,  the  throat  and  the 
exit.  These  areas  are  illustrated  in  Figure  2-22A. 

The  function  of  a  nozzle  is  to  increase  the  veloc¬ 
ity  of  the  gases.  Under  steady  flow  conditions, 
the  weight  of  the  gases  that  pass  any  cross- 
section  in  unit  time  is  constant  (Bernoulli's 
Theorem) .  When  the  gas-flow  is  less  than  the 
speed  of  sound  (subsonic),  the  velocity  of  the 
gases  must  increase  if  the  cross-section  is  con¬ 
stricted  at  some  point  and  the  weight  rate  of 
flow  stays  constant.  As  the  cross-section  be¬ 
comes  wider  the  velocity  of  the  gase®  decreases. 
This  relation  of  cross-section  to  velocity  holds 
true  for  subsonic  flow  of  gases.  However,  it  is 
not  true  for  gases  flowing  at  speeds  greater  than 
sound  (supersonic). 

The  velocity  of  subsonic  gases  passing  through  a 
convergent  nozzle,  as  illustrated  in  Figure 
2-22B,  will  continue  to  increase  until  it  reaches 
the  local  speed  of  sound  or  Macb  1  (the  speed  of 
sound  corresponding  to  the  temperature  at  a 
specific  point  in  the  exhaust  nozzle) . 

The  gas-flow  at  supersonic  velocities  decreases 
when  passing  through  a  convergent-type  nozzle. 

The  illustration  in  Figure  2-22C  indicates  that 
supersonic  flow  increases  when  passing  through  a 
divergent-type  nozzle.  Subsonic  flow  decreases 
when  passing  through  a  divergent  nozzle.  This 
decrease  is  consistent  with  Bernoulli's  Theorem. 
The  velocity  of  the  gas  flow  must  decrease  with 
a  proportionate  increase  in  pressure  because  the 
cross-section  increases  and  the  weight  rate  of 
flow  remains  constant.  Again,  this  is  not  the 
case  with  supersonic  flow  because  the  gases  are 
in  a  compressed  state.  As  the  nozzle  diverges 
the  gases  expand  and  the  pent-up  pressure  is 
then  converted  to  kinetic  energy.  This  increases 
the  velocity  of  the  gases. 

Present-day  rocket  motors  combine  the  convergent 
and  divergent  shapes  in  the  exhaust  nozzle  for 
the  purpose  of  obtaining  supersonic  exhaust 
velocity.  This  is  illustrated  in  Figure  2-22D. 

The  convergence  of  the  exhaust  nozzle  increases 
the  subsonic  flow  of  gases  up  to  the  local  speed 
of  sound.  And  then,  due  to  critical  design,  the 
nozzle  diverges,  allowing  for  gas  expansion. 

This  gas  expansion  produces  supersonic  flow. 
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A.  NOZZLE  COMPONENTS 


B,  SUBSONIC  FLOW  THROUGH  A  CONVERGENT  NOZZLE 


D.  CONVERGENT  -  DIVERGENT  NOZZLE 


FIG.  2-22:  ROCKET  MOTOR  NOZZLES 
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Rockets  and  rocket  motors  of  the  present  missile 
systems  employ  the  convergent-type  nozzle  or  the 
convergent-divergent  (DeLaval)  nozzle. 

The  convergent-type  nozzle  is  constructed  for  a 
specific  set  of  propellant  and  combustion  charac¬ 
teristics  in  order  to  obtain  the  highest  practi¬ 
cal  exhaust  velocity. 

The  convergent-divergent  nozzle  is  used  to  control 
the  expansion  of  the  gases  after  they  pass  through 
the  throat  of  the  nozzle.  A  higher  velocity  and 
an  increase  in  thrust  is  obtained.  The  area  of 
the  throat  is  determined  by  the  weight  rate  of 
the  gas  flow  required.  The  area  at  the  exit  of 
the  divergent  section  is  determined  by  the  ratio 
of  expansion  required  for  the  gases  between  the 
throat  and  the  oxit. 

Since  requirements  have  become  more  stringent  the 
nozzle  designs  have  undergone  a  number  of  specific 
changes.  However,  the  general  configuration  has 
not  changed.  A  constant  need  for  reduction  in 
total  rocket  weight  has  necessarily  caused  a  thin¬ 
ning  of  the  nozzle  body.  Nozzle  surface  erosion 
caused  by  extreme  and  instantaneous  heat  transfers 
has  always  been  a  serious  problem  for  the  rocket 
designers. 

Copper  or  steel  nozzles  with  molybdenum  inserts 
have  proven  highly  effective  in  erosion  preven¬ 
tion  for  homogeneous  or  double-base  propellant 
rockets.  Carbon  inserts  have  functioned  reason¬ 
ably  well  for  the  composite  or  heterogeneous 
propellant  rockets.  However,  the  development  of 
new  ceramic  liners  has  alleviated  many  of  the 
erosion  problems  in  nozzle  design. 

D.  Types  of  Rockets  and  Rocket  Motors 

Many  types  of  rockets  and  rocket  motors  have  been  de¬ 
veloped  for  use  in  the  missile  weapons  system.  These 
rockets  range  in  weight  from  several  pounds  to  many  tons. 
They  vary  in  length  from  several  inches  to  fifty  feet  and 
the  outside  diameters  from  inches  to  eight  or  ten  feet. 

The  thrust  and  specific  impulse  will  vary  according  to 
the  types  of  propellants  utilized.  Also,  they  are  design¬ 
ed  to  perform  many  different  functions.  In  most  cases 
the  name  of  the  rocket  indicates  the  type  of  rocket  per¬ 
formance.  Examples  are  booster  rockets,  JATO  (Jet  Assist¬ 
ed  Take-Off)  rockets,  RATO  (Rocket  Assisted  Take-Off) 
rockets,  vernier  rockets,  retro-rockets,  retarding 
rockets,  sustainer  rockets,  ejection  rockets,  spin  rock¬ 
ets,  artillery  rockets,  etcetera.  The  types  or  propel¬ 
lants  used  in  these  various  rockets  are  discussed  in 
Subsection  IV  -  Solid  Propellants. 
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X.  ROCKET  ACCESSORIES 


Many  rocket  units  incorporate  a  safety  diaphragm  for  es¬ 
cape  of  excessive  gases  and  a  deflector  cap  to  direct  the 
gases  down-stream  from  the  diaphragm. 

A  bursting  diaphragm,  together  with  an  electrically  oper¬ 
ated  blow-off  charge  may  be  used  to  stop  the  operation  or 
burning  of  a  solid  propellant  rocket.  This  action  may  be 
accomplished  in  one  cf  two  ways.  The  nozzle  area  opened  by 
the  bursting  diaphragm  lowers  the  chamber  pressure  sufficient¬ 
ly  to  prevent  continuous  active  high-thrust  combustion.  The 
other  method  is  to  locate  the  bursting  diaphragm  at  a  point 
in  the  rocket  motor  in  order  that  it  will  nullify  the  thrust 
produced  by  the  regular  exhaust  nozzle  (changes  the  gas  flow 
in  opposite  direction) . 

Other  accessories  for  rocket  motors  include: 

1.  Handling  hooks 

2.  Means  for  loading  or  replacing  the  propellant  charge 

3.  Brackets  for  upright  storage 

4.  Brackets  for  mounting  rocket  motors  in  vehicles 

5.  Moisture  seals 

6.  Protective-dust  caps 

7.  Provisions  for  mounting  the  propellant  grain  in  the 
chamber 

8.  Inspection  parts* 
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GENERAL  REVIEW 


GENERAL  REVIEW  IN  THE  ART  OF 
HANDLING  MISSILE  PROPELLANTS 


The  preceding  Sections  of  this  MANUAL  were  devoted  to  a 
discussion  of  explosives,  ammunition  and  solid  propellants, 
which  include  materials  utilized  in  present  day  missile 
propellant  systems.  Regulations  and  instructions  for  storing, 
shipping,  handling,  inspecting,  testing,  overhauling  and 
preserving  specific  missiles  are  covered  in  publications  of 
higher  security  classification.  Information  relative  to  the 
safety  precautions  and  methods  of  fire  fighting  where  mis- 
siles  and  their  major  components  are  involved  are  also 
covered  in  regulations  and  instructions  written  for  specific 
missiles. 

Since  1954,  the  applications  of  solid  propellant  rockets 
have  expanded  from  small  rocket  motors  of  several  hundred 
pounds  to  large  rocket  motors  of  20  to  30  tons  or  more.  New 
methods  of  processing  have  been  developed  that  may  provide 
complete  fabrication  of  large  solid  propellant  type  missiles 
at  the  launching  sites.  These  new  methods  indicate  less 
hazardous  handling  and  simpler  and  more  compatible  storage, 
resulting  in  safer  operations. 

The  reliability  of  any  missile  weapons  systems  is  depend¬ 
ent  upon  the  functional  operations  of  the  missile  components 
and  the  operating  personnel.  The  newer  solid  propellant 
missile  systems  under  development  are  designed  for  increased 
reliability  through  automation.  Automation  presents  some 
electromechanical  complexity  but  reduces  human  participation 
in  a  number  of  operations.  The  reliability  of  missile  weapons 
systems  can  be  considerably  increased  with  the  utilization  of 
solid  propellants  coupled  with  automation. 

The  handling  methods  and  equipment  of  the  present  missile 
systems  are  rapidly  becoming  obsolete.  The  development  of 
handling  equipment  is  not  in  pace  with  the  development  of  the 
newer  missile  systems.  The  advent  of  automation  should  sim¬ 
plify  handling  problems  and  eliminate  many  of  the  hazards 
that  confront  personnel  exposed  to  the  rigors  of  present  han¬ 
dling  procedures. 

Chemical  advances  will  possibly  increase  the  stability 
and  compatibility  of  solid  propellants  to  the  extent  that 
present  storage  problems  of  compatibility,  quantity  distance, 
corrosion  protection,  etcetera  will  be  kept  to  a  minimum. 

Also,  high  cost  and  heavily  constructed  storage  buildings 
may  be  eliminated. 
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Materials  can  always  be  replaced  but  personnel  cannot. 
Until  the  day  that  complete  automation  is  provided  for 
handling  missile  weapon  systems,  the  safety  of  operating 
personnel  must  receive  prime  consideration.  Safety  must 
remain  an  integral  part  of  all  future  propellant  systems 
developments  and  operations  so  that  the  maximum  possible 
safety  precautions  for  operating  personnel  will  always  be 
provided. 
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